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PREFACE

The Marksmanship Aiming and Tracking Analysis System (MATAS) described

in this report was developed jointly by the U.S. Army Human Engineering
Laboratory (HEL), Advanced Technology, Incorporated (ATI), and the U.S. Army
Project Manager for Training Devices (PM TRADE).

Mr. Jeffery L. Maxey, ATI, and Mr. James P. Torre, Jr., HEL, defined the
overall system design for MATAS. In addition, Mr. Maxey provided detailed
system design guidance for the parameter and graphic analysis modules. Dr.
Joel Kalb, HEL, developed a preliminary version of the parameter analysis
module and provided the code that formed tne core for this module. Dr. Kalb
and Mr. Samuel Wansack, HEL, provided valuable comments about improvements in
preliminary versions of the system. Mr. Admiral S. Piper, PM TRADE, provided
management and administrative support for MATAS development.

Mr. Sander Reinhartz, ATI, developed the code for system modules to
include modifying and elaborating on Dr. Kalb's code for the parameter
analysis module and completely developing the code for the graphic analysis
module. Mr. Reinhartz also assisted in developing the guidance for using
MATAS. Mr. Gene K. Cuccarese, ATI, had primary responsibility for developing
the MATAS user guidance.
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MARKSMANSHIP AIMING AND TRACKING ANALYSIS SYSTEM

INTRODUCTION

Background

The U.S. Army Project Manager for Training Devices (PM TRADE), the U.S.
Army Human Engineering Laboratory (HEL), and Advanced Technology, Incorporated
(ATI) are jointly supporting the artificial intelligence direct fire weapons
research test bed (TB). The TB in turn supports a research program having two
main objectives. The first is to determine how to design expert systems to
perform teaching roles now performed by humans. The second is ta acquire
through a program of experimental studies the basic knowledge needed to design
cost-efficient training systems for future line-of-sight direct fire weapons.

To develop the knowledge necessary to achieve these objectives, the TB
has been configured around a flexible, versatile simulation of the M16A1
rifle. This simulation is capable of manipulating training system variables
associated with rifle marksmanship tasks (e.g., zeroing the rifle, self-paced
slow fire, and field firing) . This is the basic research tool for the TB
program. It provides a well-controlled environment in which to collect data
reflecting the processes underlying direct fire marksmanship and gunnery

(e.g., aiming and trdcking accuracy and precision).

Scientists from PM TRADE, HEL, and ATI have worked together to design
and implement a series TB of aiming error studies (AES) to develop a data base
for understanding M16AI rifle aiming and tracking. These studies consist of
five related experiments:

Phase I and I-B; Examine aim error as a function of firing
position and practice.

Phase II: Examine aim error as a function of apparent target

size, firing position, and practice.

Phase III: Examine aim error as a function of trigger activation,

firing position, practice, rifle noise, and muzzle deflection.

Phase IV: Examine aim error as a function of target angular rate,

firing position, and practice.

Phase V: Examine aim error as a function of target engagement

time, apparent target size, target angular rate, rifle noise, and muzzle
deflection.

Each successive study phase incorporates aiming and tracking skills

practiced in previous phases. The same subjects participated in Phases I and
II, Phases I-B and III, and Phases IV and V, though senarate sets of subjects

participated in each pair of experir•ents.

The goal of the AES series of experiments is to integrate the aiming and

tracking data into a quantitative model of performance.
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Data collection for all AES phases is complete. Data analysis is

complete and letter reports have been published for Phases I, I-B, and II
(Maxey, Torre, Cuddeback, Cuccarese, & Reinhaitz, 1906; Cuddeback, Cuccarese,

Maxey, Torre, & Reinhartz, 1987: Maxey, et al., 1986). Analysis is under way

for the three remaining phases (i.e., Phases III, IV, and V) . Final summary
reports, focusing separately on aiming and tracking findings, will be

published in the future.

Marksmanship Aiming and Tracking Analysis System

The Marksmanship Aiming and Tracking Analysis System (MATAS) is a
software tool which allows analysts to manipulate and study the functional
relationship between aiming and tracking performance and target, battlefield,
and human factors parameters. The quantitative model that drives MATAS is

designed to employ data generated by AES Phases I and II. This uate base will

be augmented as additional AES data summaries are analyzed and interpreted.

The remainder of this report consists of a user manual. It is designed

to familiarize analysts with MATAS' capabilities and operation procedures.
This information is structured in the following manner:

Section II: Capabilities Overview

Section IIl: Equipment Requirements and installatlon ProcedurA

Sectio., IV: System Functions

Documentation is provided in Appendices A, B, and C. Apper.0, . A

provides a flow chart *f MATAS architecture, Appendix B contains a listi-.9) -f
MATAS code, and Appendix C provides a listing of all system files requi -. t

install and execute MATAS.

CAPABILITIES OVERVIEW

MATAS is an analytical tool designed to uid direct fit- weapon designers

and researchers. The primary function of MATS -.s tv allow the analyst to

assess the impact of a variety of weapon sys'e-, inrI 't, Acfleld fsctors on

aiming and tracking performance. By manip,1!•.tln' tt.- " 'f a single

parameter or a set of parameters, the analyst car ?nemxzlly study the

effect of these changes on the probability of hittir'.' 0m rget.

MATAS is configured for several weapon system ind laroye arrangements:

MI6Al Rifle - M193 and M855 projectiles. Both projectiles can

engage E-silhouette, F-silhouette, or tank (front and side view) targets.

AT-4 Round - the AT-4 round can also engago E-silhouette, F-

silhouette, and tank (front and side view) tarqets.
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Target height is adjuntab1• IHeiqht adjustments range from I through 10
meters (m) for all target types. When height is adjusted, other target
dimensions are adjusted piporLtionally.

MATAS updates system parameters dynamically. When a parameter value is
changed, MATAS adjusts related parameters accordingly. For instance, if the
affected target is changed from ant V- to an F-silhout-tte, MATAS updates the
target dimensions and recalculates hit probability. Also at this time, MATAS
recalculates any other model parameters influenced by the parameter being
changed. Through this process, the analyst can study how hit probability and
the parameters affecting hit probability vary with specific parameter changes.

MATAS calculates hit probabiliy using the single shot hit probability
model described by U.S. Army Vevelopment and Readiness Command (1977). Figure
1 provides a brief summary ot this model. This model assuntes that the round-
tu-round delivery standard deviation is the same for x and y coordinates.

The probability of hittin, a target is obtained from

'. -0

or, in 3o-called standard form,

in which,

plth - hi probabmilav

. " sc$ uilcnqth of a rec•langular target
6 a stemiwdth of a rertanquiar target
I random vaniable acnbnrIq a oclver" ý&natinon
, random %anable descnbinR 3 oelicvtr vanation
a % one ,1rr•t•onal ruune-to-round deliver standard devtiaton for the case

Figure 1. Single shot hit probability model.

MATAS is divided into two hasic mcdules:

Parameter analysis (PA)
Graphic analysis (GA)
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These mod llcs perform similar functioni but differ in their focus. Both

modules allow the analyst to mainipulate parameters as follows:

Projectile type
Target type and height
Aim adjustmonts
Crosdrift speed
Aim error
Target range (PA only)
Hit probability (PA only)
Target speed

The PA module focuses on the individual parameters that impact the

outcome of the tiring process. Results are summarized both tabularly and

graphical ly for a siv,gle target and specific range. MATAS provides a hit

probability estimate given usex-defined target characteristics, battlefield

parameters, and aim error. Additionally, the analyst can input a desired hit

probability, and the PA r.odule estimates the aim error required to achieve the

probability. Once parameter values have been set, tho analyst can graph the

results. The PA module presents results for a specified target and range with

40%, 86%, and 99% round iznpda. circleS (sec Figule 2)

I t Yr-ob : .39 tiN Lrror : I ts l, gev Hige : uov 1

Hi I I T Rn

-'

[ Hit tiny ,g To lRetuirn To IMainI Meu-- trs

Figure 2. Parameter analysis hit probability graph.
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The GA module primarily focuses on the relationship between aim error
and hit probability as a function cf target range. Only those parameters that
are independent of target range are manipulated in the GA module. In the GA
module, the analyst can graph as rrany as three hit probability curves
reflecting different aim error values (see Figure 3) . MATAS uses the
parameters existing at the time the GA module is exercised to develop the
theoret-'cal curves. Additionally, the analyst can enter a set of empirical
hit probability data and aim error values to produce a curve to compare to the
theoretical curve(s)

CURVE 1 1.00 Ails CURVE 2 2.09 Rils CURVE 3 3,N mils

Fg. 3t

S' \CURE L

Fiur . itpobbiiy"o "iiee t "i"n eros

EQUIPM4ENT REQUIREMENTS AND INSTALLATION

The minimum equipment and syste-a capabilities required to run MKAAS
include the folloging:

IBM-compa~tible personal computer (PC)
640K ram
"Color monitor
Color graphics adapter (CGA) card
one 5-1/4-inch floppy dirive
Version 3.1 disk operating system (DOSe)
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The most desirable equipment and system configuration is as follows:

IBM-compatible PC
Color monitor
Hard disk

Extended graphics adaoter (EGA) card
640K ram
Epson FX or IBM graphics printer
Math coprocessor

System Setup

MATAS is written in Quick BASIC®, Version 3.0. An IBM PC/AT computer

was used to develop the system. Appendix A contains a flow chart of MATAS

architecture. Appendix B contains a complete listing of MATAS code. The PC

system used to develop MATAS include the following:

20-megabyte hard disk

640K ram
Math coprocessor
CGA card

It is important to establish system configuration before beginning.

MATAS execution time is slower without a math coprocessor. CGA screen

displays are in black and white and can be output to an Epson FX or IBM

graphics printer by entering <SHIFT> <PRINT SCREEN>. EGA screen displays are

in color but cannot be output to a printer.

Four versions of MATAS were developed to be compatible with most PC

systems. Each stand-alone version of MATAS resides on a 5-1/4-inch floppy

disk. Each disk contains DOS, MATAS, required data files, and batch coxmmands

(see Appendix C) . The batch files allow the analyst to run MATAS or install

the system onto a hard disk drive from which it can then be run.

Installation

Choose the diskette that corresponds to the hardware configuration of

the computer system on which MATAS will reside:

CGA with math coprocessor - Disk 1
EGA with math coprocessor - Disk 2

CGA without math coprocessor - Disk 3
EGA without math coprocessor - Disk 4

Floppy Disk Drive System

To execute MATAS on a floppy drive system, load the appropriate

disk in Drive A and boot the computer. A batch file (AUTOEXEC.BAT) will

automatically execute MATAS.



Hard Disk Drive System

After the boot process is complete, load the appropriate disk in
Drive A. To install MATAS on the hard drive, enter the command NA:INSTALL."
The batch file INSTALL.BAT creates a directory called C:\MATAS into which all
required MATAS files are copied. MATAS must be executed from the MATAS
directory. Change the directory to C:\MATAS with the command "CD\MATAS."
Once in this directory, the system can be executed by entering "MATAS."

SYSTEM FUNCTIONS

The following system functions will familiarize the analyst with MATAS
capabilities. By working through the following examples, the analyst will
gain an understanding of PA and GA aim error component functions. Figpre 4
shows the boot-up display which controls entry into the two MATAS modules.
The module menu allows the analyst to enter either module or exit the system.

Select hdel Option

Parameter Anafla igs g,,,,,,,,, 1
Gva •hic Analysis .,4,, ,,,,,,,, 23Quit Rodel .... , ...... . ..,,, 3

Inter--) ? I

Figure 4. MATAS module menu.

Select option 1 to exercise the PA module and display the PA main menu.
The display should match the display shown in Figure 5.

This menu is divided into three sections. The first section defines
projectile and target characteristics; the second section defines battlefield
conditions, aim error, and hit probability; and the third section lists the
functions that can be used to change system parameters.

Parameter Analysis Hit Probability Estimation

When MATAS is initialized, the PA parameter values are set to the
default values presented In Figure 5. Suppose the analyst had the task of
estimating hit probability given the following parameter changes:

M855 projectile
+3.0 meters/sec crosadrift
150-meter target range
+2.0 meters/sec target speed
2.10 mils aim error

9



PARAMETER ANALYSIS

Projectile Type M193 Target Type E Silhouette
Ini tial Pitch Angle 1.66 Nils
Flight Time 0.31 s Target
Impact Uelocity 665.49 m/s Dimensions Heigth IM m
ý - Impact Point ,00 M Widdth 9.49 m
Y - Impact Point 9.99 Area 9.42 Nsq

Battlefield Conditions
... ---------------------------------------------------------
Rattlesilght 259.99 X - AiM Adjustment 0.0 m
Crossdri ft 0,08 m/s Y Aim Adjustment 8.00 m
rarget Range 259,09 m Aim Error 1.09 Nils
Target Speed 89.9 N/s Hit Probability 9.59

Select Function(s)
-----------------------------------------------------------
I - Projectile Type/Battlesight 4 - Target Range/Speed 7 - Adjust X/Y Aim
2- Crossdrift Speed 5 - Aim Error 8 - Grapl Results
3 Target Characteristics 6 - Hit Probability 9 - Quit
- -------------------------------------------------------

Enter --) ? I

Figure 5. Parameter analysis main menu.

Select function I, and change projectile type to an M855 round.

Current Projectile Type M193

M193 Projectile ............... I
M855 Proiectile ............... 2
AT-4 Projectile 3

Enter (cr) To Keep Current Projectile Tgpe

Or Enter Hew Projectile Tgpe

Enter --) ? 21

On the display that follows, do not adjust the battlesight range. Enter
a carriage return <cr> to bypass the battlesight range display, and return to
the PA main menu.

Curcrnt Battiesight Range 259

Enter (cr) To Keep Current Value
Or Enter New Battlesight Range a

Enter-- ? I
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Compare the updated parameter values to those in Figure 5. The analyst

can assess the impact of each change on otner parameters after returning to

the PA main menu.

Select function 2, and input a value of +3.0 for crossdrift speed.

Current Crosshritt Speed 9,93 m/s

Enter (or) To Keep Current Value

Or Enter New Crossdrift Speed (+ or -)

Enter--) ? +3,91

Review the PA menu. As this menu shows, a crossdrift change will affect

the X dimension impact point and will reduce hit probability. Select function

4 and change target range to 150 meters.

Current Target Range 256.-8 A

Enter (cr) To Keep Current Value

Or Enter New Target Range

Enter -- ) ? 15•|

On the display that follows, enter a target speed of 4.2.0 meters/sec.

Cttrrent Target Speed 9,90 N/s

Enter (cr) To Eeep Current Value

Or Enter New Target Speed (+ or -)

Enter--) ? +2-91

Review the PA menu. Changing the target range without adjuating the

battlesight range results in a Y dimension offset. Setting the target in

motion adds to the X dimension offset. Together, both changes further reduce

hit probability. Make the final adjustment by changing the aim error value.

Select function 5, and choose option 1 from this menu.

Select Error Estimation Option

Enter Total Aim Error ................ I
Estimate Error From Component(s) ..... 2
Retrieve Prior Estimates ............. 3
Quit ........................ ......... 4

Enter--) ? 1|
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Enter an aim error value of 2.10 mils.

Cuppent Aim Error I.• ils

Enter (or) 70 Reep Current value

Or Enter New Aim Error

Enter -- ) ? 2.101

The following estimation summary display presents a history of hit
probability estimation activity. This display includes the initial data,
user-entered data, program-generated data, and the final data displayed on the
PA main menu. All summary displays are structured so that inputs are
presented in the middle column, while all outputs are presented in the far
right column. Hit any key to return to the PA main menu.

ESTIMATION SUMIARY

Estimate Aim Error Hit Probability

Initial 1.9 9,39
User 2.19 --, P~ngSp. -- 0,48
Final 2.19 8.21

Hit Any Key To Continue

As expected, an increase in aim error further reduces hit probability.
Examine the display to ensure that the changes made match the menu presented
in Figure 6.

PARANEIIR AiALYSIS

Pov ectile Type M855 Target Type E Silhouette
Ini ial Pitch Angle 1.62 Nils
Flight line 9.18 s Target
Impact Velocitg 775.46 P/s Dimensions Heilth Le0 m
X - Impact Point -8.30 m Ni h 9.49 K
V - Impact Point 9.11 4 Area 9.42 mq

Battlefield Conditions

Battlesi ht 59.9m X - Aim Adjustment 9.9 N
CrossariR 3.908 Ws V Aim Adjustment 9.9 N
Target Range 159.99 N Aim [Erop 2.19 Nils
Target Speed 2.99 Ws Hit Probabilitq 6,28

Select Function(s)

I -rojctie 1pe/attesiht - 405t ?nge/speea 7 - Ad*just X/Y Aim
2 - Crossdrift Speed 5 Aim [prop I h - Reipb Rsults
3 - Target Characteristics ý'it Prohabilitl I - Qui

---- g-- .......... .....-.. •---ameter-va
Liter.- |

SFigure 6. Ur-ca armee values.



After verifying the accuracy of parameter changes, select function 8 to
graph the results (see Figure 7)

Hit Prob 0.28 AiM Error 2.19 Mils Target Range 150,N m

49, 86, And 9T''rcent Round IMpact Circles

Hit Ang Meg To Returen To Main Menu -- Meters T i

-1.5 -1 , 5 Id

Figure 7. Hit probability graph.

MATAS generated a hit probability estimate of 0.28 based on the data
just entered. The changes made in crossdrift speed and target speed resulted
in an offset of -0.30 m in the X dimension impact point. Changing the target
range caused an offset of +0.11 m in the Y dimension impact point. These
impact point offsets caused the decrease in hit probability. Hit probability
can be maximized by adjusting the aim point so that the center of the hit
probability circle corresponds to the projectile target 0,0 point.

The impact point offset apparent in Figure 7 can be compensated for with
an X,Y aim point adjustment. Another option is to make an aim adjustment in
the X dimension and set the battlesight range to correspond to the target
range to correct the Y dimension offset.

First try making the X,Y aim point adjustments. Select function 7, and
enter a +0.30 m X aim adjustment to compensate for crossdrift and target
speed.

13



I Curent Y-AiN AdjustIent I .

Inter (cv) To Xeep Current Value

Or Enter New Y-AiN AdjustRent (+ or -)

Enter --) ? -g11l

On the display that follows, enter a -0.11 m Y aim adjustment to

compensate for the difference between the battlesight and target range.

Current X-AiN Adjustment 1.9 ,K

Enter (cr) To Keep Current Value

Or Enter New Y-Aim Adjustment (+ or -)

Enter --) ? +.301

Examine the PA main menu. it shows that the X,Y impact point is at 0,0

which results in a greater hit probab~ility. Select function 8 to graph the
results.

Hit Prob 0,45 AiN Erro : 2.19 Nils Target Ranw: 1509,9 m

49, 86, Ana i9 Percent Round Impact Circles

t\ .A., /

,5 i.5
-1

Hit Any E~e9 To Return, To Main Menu ,.- Meters

-1,5 -l -,5 9 ,5 1 1.5

Now make the offset correction by adjusting the battlesight. First,

reset the Y aim adjustment back to zero. Select function 7, and enter a <Cr>

to bypass the X aim adjustment display. Once at the Y aim adjustment display,

enter a 0.

14



Current Y-Aim Adjustment -0,11 x

Enter (cr) To Neep Curren lue

Or Enter Hew Y-Aim Aajustment (+ or -)

Enter--) ? 93

The PA main menu display shows the Y offset back to 0.11 m. Select
function 1, then enter a <cr> to maintain the present projectile type. On the
display that follows, change the battlesight range to 150 m.

Current Battlesijht Range 259 A

Enter (Cr) To Heep Current Value

Or Enter Hew Battlesight Range

Enter -- ) ? 1591

The PA main menu shows that both offset correction methods result in the
same hit probability estimate of 0.45.

PARAMETER ANALYSIS

ProJectile Type M855 Target Type E Silhouette
Initial Pitch Angle 0.99 Nils
Flight Time 9.18 s Target
Impact Velocity 775.46 m/s Dimensions Heilth 1,90 m
Y- Impact Point -0,00. Width 9.49 m
V - Impact Point 0.99 m Area 9,42 msq

Battlefield Conditions

Battlesilht 159.9 MN - Aim •A1ustment 9,309
Crossdri t 3.09 m/s Y - A.; Adjustment @.9e i
Target Range 15.090 A Aim ',I r, 2.19 Nils
Target Speed 2.00 N/s Hit •iobahilitu 9.45

Select Function(s)

I:- Projectile Type/Battlesight 4 - Target Range/Speed 7 - Adjust X/Y Aim
2 -,Crossdrift Speed 5 - Aim Error 8 - Graph Results
3 - Target Characteristics 6 - Hit Probability 9 - Quit

Enter -- ) ? |

15



Select function 8 to graph the results.

Hit Prob 0,45 Aim Error 2.10 Nils Target Range 159.90 m

40, 86, And 99 Percent Round Impact Circles

-+

7

Hit Any Xeq To Return To Main Menu - Meters t

-1,5 -1 -,5 9 .5 1 1,5

The exercise just completed provides an example of MATAS capabilities.
MATAS calculated an estimate of hit probability based on a hypothetical set of
battlefield conditions. The analyst then used MATAS to maximize hit
probability by making aim adjustments.

Aim Error Estimation

In the hit probability example, the analyst entered a value of 2.10 mils
for aim error. This aim error value, together with the other parameters,
generated a hit probability estimate of 0.45. Suppose that the analyst wants
to increase hit probability to 0.90 given the battlefield situation created in
previous example. What would the aim error have to be to obtain a 0.90 hit
probability?

MATAS can estimate aim error based on the desired hit probability.
Select function 6 and enter a 0.90 hit probability.

Current Hit Probability 9,45
Current Aim Error 2.109 ils

Inter (cr) To Heep Current Ualues

Or Enter Hew Hit Probability (0-1)

Enter--) ? .901

16



MATAS calculated an initial aim error estimate of 1.13 mils which the
analyst can accept or reject. If the analyst wanted to change the initial
estimate, a new value could be entered. However, for this example, accept the
initial estimate by entering a <cr>.

ESTIMATION SUMMARY

E£ror Tolerance : .991

Estimate Hit Probability Aim Error

Initial 9.45 2.19
User 99 --
1 Program 113
Final 6,90 9.94

Hit Any Hey To Continue
The estimation summary display indicates that MATAS generated a final

aim error estimate of 0.94 mil. The aim error estimation process is
iterative, and it is based on the Newton-Raphson method for calculating the
root of an equation (Pipes & Harvill, 1970) . The estimation program
calculates a series of aim error estimates before choosing the best value.
ThA initial estimate of 1.13 mils represents the seed value that the system
begins with. The final aim error estimate represents the value produced at
the completion of the iteration process. The process continues until a
solution is obtained, a failure condition is encountered, or ten iterations
have been completed without obtaining a solution. (A solution exists when two
successive interactions differ by less than 0.0001 in absolute value.) The
initial estimate may differ from the final estimate depending on how far off
the initial estimate was.

Aim Error Components

Aim error is derived from a number of components involved in the aiming
and tracking process. Thus far, presentation of MATAS aim error capability
has been limited to composite values. MATAS can compute aim error based on
components defined by the analyst. The following example demonstrates how to
calculate aim error using components of the firing process.

Select function 5 from the PA main menu. On the display that follows,
select option 2 from the aim error estimation menu.

Select Error Estimation Option

Enter Total Aim Error .. ....... ...... I
Estimate Error Fro" Component(s) ..... 2
Retrieve Prior Fstimates ............. 3
Quit ................. ....... ... 4

Fnter --) ? 21
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The component menu which follows lists 11 components of the aiming and
tracking process.

Enter Up To 39 Components

Entering Component I

Weapon/Round Dispersion . ,,, I
firing Position ........... 2

STrigger Control ........... 3
i Breath Control ......... ... 4
Physical Condition ......... 5
Stress .............. .. ... 6
Suppressive Fire ............ 7
Target Range .......... ... 8
Target Speed .......... ... 9
Targe t Size ......... .. ... 18
Target Exposure rime ..... 11
User Defined Component(s) ,,. 12
Quit ......................... 13

Enter --) ? |

The analyst can define which components contribute to aim error and the

degree of error contribution. In addition to the 11 components provided by
MATAS, the analyst can detine as many as 19 additional components.

Suppose the analyst wants to know the composite aim error based on the
following component data:

0.43 mil prone unsupported firing position aim error
0.30 mil trigger control aim error
0.15 mil breath control aim error

Select option 12 to create a user-defined component. Enter prone
unsupported to define the component name.

User Defined Component

Enter Component Name (Up To 23 Characters)

Enter --) ? Prone Unsupported|
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On the display that follows, enter 0.43 mil to define the component aim

error.

Component Name Prone Unsupported

Enter Ualue (in Nils)

Enter -- ) ? .431

From the component menu, select component 3 and enter an aim error value

of 0.38 mil.

Component Name Trigger Control

Enter Value (in Nils)

Enter --) ? .381

From the component menu, select component 4 and enter an aim error value

of 0.15 mil.

Component Name Breath Control

Enter Value (in mils)

Enter -- ) ? .151

The composite aim error (which is the square root of the sum of the

squared component values) now consists of three components with aim error

values defined by the analyst. Select option 13 to quit. The display that

follows presents a summary of the components previously defined and editing

features.

TOTAL ESTIMATED AIM IRROR

COMPONENT COMPONENT COMPONENT
NO, NAME UALUE

-----------------------------------------------
I Prone Unsupported 0.43
2 Trigger Control 0.38
3 Breath Control 0.15

-----------------------------------------------
Total Error 0,59

1 - Page 1 4 - Add ? - Retrieve
2 - Page 2 5 - Delete 8 - Store
3 - Page 3 6 -Modifq 9 - Quit

Enter --) ? 1
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The analyst can define as many as 30 aim error componen%.s. The

component summary presents components 1 through 10, followed by the second 10,

and ending with the last 10. The analyst can add, delete, or modify the

components using editing functions 4, 5, and 6. Previously developed

component data can be retrieved, and now data can be stored using functions 7
and 8. A summzary of component aim error estimation activity is presented when

the analyst uses function 9 to quit.

Suppose the analyst had to change the fir.Lrnj positio; Lo Xoahole

supported with an aim error of 0.33 mil. Select aditinq functior. tv r ioidify

the first component. On the display that follows sool.i ,:cmponeni 0,a::bel to

be modified.

TOTAL ESTIMATED AIM ERROR

COMPONeNT COMPONENT COMPONENT
NO. HANE VALUE

I Prone Unsupported 9.43
2 Trigger Control 9.39
3 Breath Control 9.15

Total Error 9,59

Enter Component Number To Be Modified -- ) ? 11

Select option 3 to ,-odify both the name and value.

COMPONENT COMPONENT COMPONENT
NO. NAME VALUE

---------------------------------------------
I Prone Unsupported 0,43

----------------------------------------------

Enter Roaification Option

Name ... ........ ........ IValue ....................... 2

Name Value ................ 3On lt ........................ 4

fEter -- ) ? 31

From the component menu, 5elect option 12 to modify the componert name

and aim error. Change the component name to foxhole supported

User Defined Component

Enter Component Nae (Up To 23 Characters)

Enter --) ? Foxhole Supported|
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On the next display, enter a new aim error of 0.33 mil.

Component HNa Foxhole Supported

Enter Value (in mils)

Enter --) ? .331

The component summary menu presents the updated analyst defined aim

error components with the total composite aim error. Store this component set
using function 8.

TOTAL ESTIMATED AIM ERROR

COMPONENT COMPONENT COMPONMEI
NO, NAME UWLUE

I Foxhole Supported 0,33
2 Trigger Control 0.38
3 Breath Control 8.Ii

Total Error 0.53

I - Page 1 4 - Add 7 - Retrieve
2 - Pae2 5 - Delete 8 - Store
3 - Page 3 6 - Modify 9 -Quit

Enter -- ) ? 81

Th analyst can retrieve this component set later with function 7.
Select function 9 to quit aim error component development. The summary
displ y that follows indicates that given the present battlefield situation,
an aim error of 0.53 mil yields a 100% hit probability.

ESTIMATION SUMMARY

Estimate Aim Error Hit Probabilitg
----------------------- --------- --------------- I

Initial 0.94 0.90
Oser 9.53 --
Program -- 1.00
Final 0,53 1.00

I .I

Hit Ang Keg To Continue
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Hit any key to return to the PA main menu.

PARMETER ANALYSIS
-----------------------------------------------------------
Projectile Type M055 Target Type I Silhouette
Initial Pitch Angle 8.99 Mils
Flight Time 8,18 s Target
Impact Uelocity 775.46 m/s Di~ensions Heigth I,9 N

l - Impact Point -8.98 0 Width 8.49 N
V - Impact Point 8.80 A Area 6,4 Nsq

Battlefield Conditions----------------------------------------------------------
Battlesi lht 158.86A - Aim Adjustkent 9.39 m
Crossapi t 3.8 ,/s V Aim idjustment 9.99 m
Target Range 158.98 ml AiM Error 9.53 Nils
Target Speed 2.98 N/s Hit Probabilitg 1.,w

Select Function(s)

I - Projectile Type/Battlesight 4 - Target Range/Speed ? - Adjust X/V Aim
2 Crossrift Speed • 5 -AiM Ero B -Caph Results
3 - Target Characteristics 6 - Hit Probability 9 - quit

Inter --) ? I

Select function 8 to graph the results.

I T

Hit Prob : 1.8 Aim Error 0.53 mils Target Range 15.98 n

40, 86,,Ana 99 Percent Round Impact Circles

,5

-,S

-1

Hit Any Xey To Return To Main Men t- Meters I
a-5 ..5 1 1,5

Hit any key to return to the PA main menu. Select function 9 to quit
the PA module and return to the module menu.
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Graphic Analysis Hit Probability Estimation

The GA module alows the analyst to manipulate aiming and track Lng
parameters to generate one to three hit probability curves. The analyst sets
the parameter values used to establish hit probability estimates across ranges
from 1 to 400 m. In addition to developing theoretical hit probability
curves, the analyst can use the GA module-to plot empirical target range and
hit probability data. The analyst can plot the theoretical and empirical data
separately or together as shown in Figure

CUUI 1 l.690iIs CURV_ 2 2.A Nils CURV 3 3 . N0_ils

'L .- '~I [
L\

""2
N. - "- ..

""" g 3L.0RV[2 <7

50 36 13; 25D 3W0 M '3 359

C E1.[ LN aiHls CURVE 2: Z. Nmils CUIVE3: 3.111mils

1ra90I 139I 2W 51 3W 35

Figue B.Theoretical and empirical *data plots.

Seict ptin 2from the module menu, and enter the GA module.

1 Select Model Option
Parameter Anal. . is ............ I .

.ra hi ",l i .. ..... . 2\ \\ ,

I "d l ... .... ... 3, 3
Enter --) ? 21
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Figure 9 displays the GA main menu. This menu controls all GA module
data definition and plotting functions.

Select Function
Define Data

1ieoretical .................................. I
Ei irical . ..... Not Defined ............... 2

Plot Cupve(s)
Select Iheoretical Curve(s) .,Curve(s) 1,2,3,, 3
Include/Exclude Theoretical ..... INLUDE ..... 4
Include/Exclude Empirical ....... EXCLUDED ..... 5
Display ...................................... 6Qutit ............................................ ?7

Enter --) ? I

Figure 9. Graphic analysis main menu.

The analyst can define a theoretical battlefield situation through the

sarae process used in the PA module. Select function 1 to examine the

parameter menu. MATAS initializes the battlefield situation with the default

parameters shown in Figure 10.

Define Battlefield Situation
Prqo ectile Tgpe .......... M193 ...... I
X Aim Point AdHustment .a. . m ..aa 2 1
Y Aim Point Addustment .a. 9,9 m .... 3 :
Battlesilht Range ....... 2509,0 m a.. 4
Crossdri t ........... 0.99 N/S . ... 5
Target Type . .. E Silhouette ala,,, 6
Target Height ....... 1.90 N ...... 7
Target Speed a.a, 8080 m/s ........ 8

Define AMi Error
Curve I 1.. . ,0 mils ...... ....a.a 9
Curve 2 .. a.. 2,9 mils ....... .... I
Curve 3 a... . 3, m ils ...... ...... 11

Store Curve Parameters ............. ....aa a 12
We'rieve Curve Parameters .............. 13
Quit ....... ; ........................ ....a. 14

Enter --) ? I

Figure 10. Graphic analysis parameter menu.

The GA module estimates hit probability across target ranges. Thus,

range-dependent parameters are neither represented nor under the analyst's

control. Projectile flight data and target impact data are not represented.
The analyst cannot manipulate target range when developing a theoretical hit

probability curve. All hit probability curves are developed for target ranges

from I to 400 m (see theoretical data plot in Figure 8).
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The GA module does not provide the analyst with the capability to
develop aim error estimates from hit probability data. The analyst can use
the PA module to perform this activity and enter the aim error estimates in
the GA module. The analyst has the capability to estimate aim error using
component values in the GA module. Select option 14 to quit, and return to
the GA main menu.

Empirical data definition requires the entry of a series of target range
and hit probability data. Figure 11 shows the empirical data definition menu.
From this menu, the analyst can enter or retrieve empirical data. This MATAS
capability allows the analyst to compare data sets to theoretical results.

Define Empirical Data
E nter ......................

' - Retrieve 2
Store ........ . 3

,itI... ... ..lolahlll,. g 4

Enter --) ? i

Figure 11. Empirical data definition menu.

The plot fun-ctions available to the analyst from the GA main menu
include the following:

review hit probability data
select curve(s) to plot
include/exclude theoretical and empirical data in a plot
display a plot

In the PA module, the analyst established the probability -if cing a
150-m target given a specified battlefield situation. In the GA i, .ile, the
analyst can examine hit probability for all targets ranging from I to 400 w-
Select function 1 to recreate the battlefield situation used in the PA module.

Selec* Function

Define Data
Theoretical .................................. I
E pirical ... ...Not Define d..... ....... 2

Plot Curve(s)
Select Theoretical Curve(s) .Curve(s) 1 2,3,, 3
Include/Excude Theoretical ..... ICLUDEb ..... 4
Include/Exclude Empirical ....... EXCLUDED ..... 5
Display ...................................... 6qu it ............................................ 7 1

Enter --) ? 11
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Parameter data are entered the same way as PA module data. Make the
following changes to set up the battlefield situation:

M855 projectile
+3.0 meters/sec crossdrift
+2.0 meters/sec target speed
2.10 mils aim error

Define Battlefield Situation
Projectile I .......... 4193 .1.... I
SAim Point H,ýIustment ,,, 39A .... 2g1
V Ain Point Adjustment ... ,•. ,,, 3
Battlesight Range ....... 250,99 m .,., 4
Crossirift ........... 8. eaKMs .... 5
Target Type .,. E Silhouette ...... 6 1
Target Height ... ...... 1.,9 m ....... 7
Target Speed ..... 9,89 A/s ....... g 8

Define Ain Error
Curve I ..... 1,98 miIs ............. 9
Curve 2 ..... 2.N ils ......... ... 18
Curve 3 .. 3,0 mils ............ II

Store Curve Parameters ................... 12
Retrieve Curve Parameters ............. ... 13
Quit ...............g-.................. ... 14

Enter -- ) ? |

Use functions 1, 5, 8, and 9 to make the previously stated changes.
When the four changes are complete, the display should match the following
display. Store the curve parameters using function 12. Select function 14 to
quit and return to the GA main menu.

Define Battlefield Situation
Projectile T e .......... M855 ...... I
X Aim Point AdMustment ,,. 9,.9 .... 2
V Ain Point Adjustment ... O. m .... 3
Battlesight Range ...... , 250.Ni .,,., 4
Crossdrif t ........... 3.98 ., ... 5
Target Type ... E Silhouette ...... 6
Target Height .......... i.0 " ........ ?
Target Speed ..... 2,N i/s ....... 8

Define im Error
Curve I ..... 2.10 mils ............. 9
Curve 2 ..... 2.• Nils ............. 19
Curve 3 ..... 3,W mils ............. II

'tore Curve Parameters,............. . 12
Retrieve Curve Parameters ................. 13
Quit ............... . ..... ..... ............ 14

Enter -- ) ? 141
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With the battlefield situation established, the analyst can review the
theoretical results and can choose which curves to plot. Select function 3
from the GA main menu.

Select Function

Define Data
Theoretical ............ ........ . ......... ... . I
Etpirical ......... Not Defined ............... 2

Plot Curve(s)
Select Theoretical Curve(s) ,,Curve(s) 1.2,3 3
Inclhde/Exclude Theoretical ..,..,INCIDEb!..... 4
Include/Exclude Ewpioical ....... E CLUD I ... 5
Display ...................................... 6

Quit ........................................... ? 1

Enter --) ? 31

The following display presents hit probability estimates generated by

the specified battlefield situation. Estimates are calculated for eight

targets beginning with a 50-m target, progressing in 50-m increments to 400 m.

MATAS generated three sets of hit probability data based on the three aiin

error values. The data generated by the 2.10-mil aim error value comprise

curve 1. Curves 2 and 3 contain data generated by the default aim error
values of 2.0 and 3.0 mils, respectively. The analyst can choose the curve(s)

to plot using the functions at the bottom of the display. Enter a 1 to

designate curve 1 as the curve to plot.

HIT PROBABILITY BY RANGE AND AIM ERROR

Theoretical Curves 1 2 3
Aim Error (Nils) 2.19 2.09 3.00

Hit Probability
Range (meters) 7, 7. 7,

50 1.99 0.98 9.87
19 9.98 9.?3 9.48
159 0.8? 9.48 9.27
299 1.73 9.32 9.16
259 9.59 9.22 9,11
300 9.48 9.16 9. 8
359 0.39 0.12 .0.96
499 9.32 9.10 9.04

Select Theoretical Curve(s) To Display

I-Curvel 4-Curvesl12 ?- Cuves1, 2,&3
2 - Curve 2 5 - Curves 1I A3 8 - Quit
3-Curve3 6-Curves2 13

Enter --) ? 11
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The GA main menu shows that the curve 1 hit probability data will be
included in the plot. Since no empirical data were defined, the empiri-al
curve is excluded from the plot. Select function 6 to display curve 1.

CURVE 1 2.10 Nils

PH ""

".2.

RGE 56 log 158 209 256 300 358

This graphic demonstrates how hit probability decreases as range
increases given the battlefield situation. What would the curve be if aim
error were 3.5 or 5.0 mils? Hit any key to return to the GA main menu.

Select function I from the GA main menu. Then select function 10 from
the GA parameter menu, and enter an aim error of 3.5 mils.

Current Aim Error For 2nd Curve 2.90 Nils

Enter (cr) To Keep Current Value

Or Enter New Aim Error (in Nils)

Enter -- ? 3.51

Select function 12, and enter an aim error of 5.0 mils.

Current Aim Error For 3rd Curve 3.• ails

Enter (cr) To Keep Current Value

Or Enter New Aim Error (in mils)

Enter -- ) ? 5.93

28



Select function 3 from the GA main menu. From the theoretical curve
menu, select option 7 to designate curves 1, 2, and 3 as the curves to
display.

HIT PROBABILITY BY RANGE AND AIM ERROR

Theoretical Curves 1 2 3
AiN Error (mils) 2.19 3.50 5.89

Hit Probability
Rage (meters) , Z Z

50 0,98 0.98 0,8?
1o9 99 ,73 9.48
159 0,45 9.48 8,2?
209 0.30 0.32 0.16
259 0.21 0.22 9.11
39M 9.15 0.16 0,80
359 9.11 9.12 09.6
4W 9,99 9.10 OM4

Select Theoretical Cuive(s) To Display

I -Curve 1 4 -Curves 1&2 ?-Curves 1,2, A3
2-C urve2 5-Curvesl13 8-Quit
3-.Curve3 6-Curves213

Enter --) ? ?7

Enter option 8 to quit and return to the GA main menu. The main menu
shows that all three curves will be included in the plot. Select function 6
to display the hit probability curves, and hit any key to return to the GA
main menu.

CUR•IE : 2.19 Nils CURVE 2: 3.50 Nls CURVE 3: 5,9 Nils

PH '

.4 , • ...

",2~-._ "-----.__CURVE 3 CUM .__ 2C E

I III

RCE 50 199 159 29W 259 39M 359
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Empirical Data Definition

MATAS can also plot empirical target range and hit probability data.
Suppose the analyst wanted to examine the data shown in Table 1.

Table 1

Target Range and Hit Probability Data

Target range (m) Hit probability

25 1.00
50 1.00
75 0.95

100 0.90
125 0.82
150 0.75
175 0.63
200 0.52
225 0.47
250 0.39
275 0.35
300 0.29
325 0.23
350 C.15
375 0.12
400 0.09

Select function 2 from the GA main menu to bring up the empirical data
definiticn menu.

Select Function

Define Data
Theoretical .................................. IFA pirical .......... Not Det'i ned ......... .. . .

P)lot Curve(s)
Select Theoretical Curye(s) ,Curve(s) 12,3.. 3
Include/Exclude Theoretical ..... INLUDE... 4
Include/Exclude Empirical ....... EXLID ..... 5
Display ...................................... 6

Quit ............................................ 7

Enter -- ) ? 21

Select option I and enter the 25-m target range.

Enter Taiet Ranqe (I - 4M )

Or Enter (cr) To Quit

Enter -- ) ? 253
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On the display that follows, enter the corresponding 1.0 hit
probability.

Enter Hit Prohbabiity (W - 1) 1

Enter --) ? 1.81

Enter the remaining range and hit probability pairs in the same manner.

When data entry is complete, enter a <cr> to quit, and review the empirical
data summary table.

TABLE OF EMPIRICAL DATA POINTS

Point Ranie Hit Probalilitq
#(I -49m) (9 - 1)

2 59 1,N
3 75 8,95
4 1lo 8,90
5 125 9.82
6 159 8.75
7 175 8.63
9 200 8.52
9 225 47

19 259 8.39

Continued Next Page

I - Page 1 4 - Add 7 - Retrieve
2 - Page 2 5 - Delete 8 - Store
3 - Page 3 6 - Nodifg 9 - Quit

Enter --) ? 21

The summary table presents the first 10 data pairs. Select option 2 to
review the remaining data.

TABLE OF EMPIRICAL DATA POINTS

Point Range Hit Probability
I (I - 49w N) (I - 1)

It 275 9.35
12 398 6.29
13 325 9.23
14 359 0.15
15 375 9.12
16 499 .6,9

-- ---------- ----------------------------

I - Page 1 4 - Add 7 -Retrieve
2- Page 2 5 - Delete 8 - Store
3 -Page 3 6 - Nodifg 9 - Quit

Enter --) ?81
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Correct any data entry errors using the add, delete, and modify edit
functions. When satisfied with the accuracy of the data, use function 8 to
store the data. Select option 9 to quit when editing is complete.

Select Function

Define Data
Theoretical ................ ,,. ............. I
Et pio cai .......... Defined ......... ..... ..

Plot urve(s)
Select Theoretical Curve(s) .,Cux'ue(s) 1,2,3,, 3
Include/Exclude Theoretical ..... IEXCLUDEb .... 4
Include/Exclude Empirical ...... ,INCLUDED..... 5
Displat . . ................................... , 6

Quit ?aaalaaaamgaaaaa~~a~gaa

Enter --) ? 61

On the GA main menu, toggle functions 4 and 5 to exclude the theoretical
curves, and include the empirical curve in the plot. Select function 6 to
display the empirical curve.

"- •-

,4

,2.

RGE 50 10o I5O 209 250 309 359

The analyst may want to determine the approximate aim error associated
with this empirical hit probability curve. This is accomplished in the GA
module by plotting several theoretical curves with analyst-defined aim error
values. Through this trial-and-error process, the analyst is essentially
performing a curve fitting function which yields an estimate of aim error.
Hit any key to return to the GA main menu
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From the main menu, toggle function 4 to include the theoretical curves
in the plot. Select function 6 to display all four curves.

CURVE 1 2: 1 m ils CURVE2: 32 5 Nils CURVE 3 5,00 Nils

r -

,8 L

PH

AL

2"" "-.-.,...--.~ -. _. CURUE 3 CURU 2 "-R.t_

RC.E 58 19M 150 290 250 399 359

inspection of the four curves reveals that curve 1, with an aim error of
2.10 mils, most closely approximates the empirical curve. The empirical curve
appears to be 3/4 mil less than the curve I aim error. To obtain a better
estimate, the analyst can change the aim error values for the theoretical
curves to move them closer to the empirical curve. Hit any key to return to
the GA main menu.

Select function 1 to enter the GA parameter menu. Select functions 9
and 10 from the parameter menu to change the curve I and curve 2 aim error
values to 1.0 and 1.5 mils, respectively. When these changes are complete,
select function 14 to return to the GA main menu.

Define lattlefield Sitoation
Pro'ecile e T e . N855 ...... I
SAim ointAidusteent,,, h00nt . ... A2
V Aim Point Ni tsItment ,., .M m .... 3
Battlesight Range ....... 250.90 .... 4
Crossdrift ........... 3.09 /s ..... 5
Target Type ... E Silhouette ...... 6 _
Target Height .......... 1.98 m ....... ?
Target Speed .. ,, ... 9 v/s ........ 0

Define Aim Error
Curve I ..... 1.00 Nils ............. 9
Curve 2 1.59 Nils ....... I..... i6
Curve 3 ..... 5.08 Nils ............. 11

Store Curve ParaNeters .................. 12
Retrieve Curve Parameters ........... 13
Quit ........................ .............. 14

Enter -- ) '141
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From the GA main menu, select function 3 to enter the theoretical curve
menu. Select option 4 to designate curves 1 and 2 as the curves to plot.
Select function 8 to quit and return to the GA main menu.

HIT PROBABILITY BY RANGE AND AIN ERROR

Theoretical Curves 1 2 3
Aim Error (Ails) 1.99 1.59 5.9

Hit Probabilitu
Range (meters) z Y. Y.

59 1.90 1,9 9.99
lg9.94 9.87

156 .6 .
298 9.35 9.2
259 4535
399 9.35 0,27 9.21
359 9.28 8.21 0.16
499 9.22 9.16 0,12

Select Theoretical Curve(s) To Display

I - Curve 1 4 -Curves 1&2 ? -CurVes 1, 2, &3
2 - Curve 2 5 - Curves 113 9 -Quit
3-Curve3 6-Curves2A3

Enter --) ? 41

Select function 6 to display the curves.

CURUE I 1,99 iils CURVE 2 1,50 mils

• -,

" . "• ....

PH• "-.,,'•,URVE I .

..~CURUE 2

p.2

I, I,--

RGE 59 1o l59 209 256 399 350
Theoretical hit probability curve 2 closely approximates the empirical

C,;v1. From thir, the arhalyst can conclude that the aim error associated with
th3s data set is slightly less than 1.5 mil:.
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The preceding exercises provide the analyst with an understanding of
MATAr capabilities. These exercises show how MATAS functions as a tool which
can analyze the functional relationship between aiming and tracking
performance and a variety of weapon system and battlefield parameters.

3-
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APPENDIX A

MARKSMANSHIP AIMING AND TRACKING ANALYSIS SYSTEM FLOW CHART
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-START

Battlesight range, target range,
cross drift, target speed, aim
error, target type, round type,

INITIALIZE target dimensions, x,y aim pointBATTLEFIELD

SITUATION

Process parameter analysis model

PARAMETERANALYSIS 2

Process graphic analysis model

GRAPHIC ..Y..S
ANALYSIS

MODEL

NO

TERMINATE
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2A

Purpose: Defines round type characteristics
and computes the trajectory in x and y, time
of flight, and velocity of round.

COMPUTE •InLaZt: Battlesight a.d target range, round
TRAJECTORY characteristics, cross drift.

OF ROUND cutoa: X and y trajectory and offsets to
that trajectory.

V Purpose: Adjusts aim point on target based
on x and y trajectory and offsets to that

COMPUTE trajectory.
AIM OINTI~nplts: X and y trajectory and offsets toAIM POINT trajectory.

T u: X and y aim point.

' rpose: Computes hit probability. -
Inputs : Target dimensions, x and y aim

COMPUTE HIT point, and radial standard deviation.
PROBABILITY Ou~tpu: Hit probability.

SPuroose: Defines parameter analysis model
status, allows changes in battlefild
situation.

DISPLAY AIMING Inputs: Battlesight and target range, round

ERROR MODEL and target type, cross drift, target speed,
aim error, hit probability, aim point,T RT adjustment to aim point, time of flight,

velocity of round, initial pitch angle of
round, target dimensions.
clatopita: Parameter analysis model status
and selected function.

3A
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MODIFY
BATT'LESIGHT RANGE

AND ROUND TYPE

NO

MODIFY
CROSS DRIFT

SPEED

NO

TARGET 6

TYPEE

NO

~~MOD IFY

•~AIM ERROR

43



.10.

MODIFY HIT YES'-
PROBABILITY-

ADJUST YES
X,Y AIMING 8

POINT

.- DRAW GRAPH YES

SAIMING ERROR 9

)NO

RETURNYES 1
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SA

T Ejr.•sa: To change or view current round
MODIFY type

MInput: Round type
ROUND Outpu: Round type

TYPE

MODIFY Puros: To change or view current battle-
BATTLESIGHT sight range

RANGE lnauZ: Battlesight range
Qiitpiut: Battlesight range

2A

5B

Purposea: To change or view currenct cross
drift speed.

Input: Cross drift speed
MODIFY Quat: Cross drift speed

CROSS DRIFT
SPEED

2A
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MODIFY P : To change or view current target
TARGET type

TInputm : Target typeTYPE Otju: Target type

MODIFY
TARGET
HEIGHT Purpose: To change or view current target

height
Input: Target height

Output: Target height

T6B

MODIFY Puros: To change or view currenct tazget
TARGET speed
RANGE Input: Target speed

Qutpiar: Target speed

MODIFY
TARGET
SPEED

2A



2i/x/Qa•: Compute hit probability
COMPUTE HIT : Target dimensions, x, y aim point,
PROBABILITY and linear aim error

Qutpuat: Hit probability

DISPLAY HISTORY • : Displays history of aim error withOF AIM ERRORAND associated hit probability

HIT ROBAILIT lu~•L; Initial, user-defined, and final
HIT POBABLITYaim error and their associated hit

probability
Q•t1t: Displays initial, user-defined,

and final aim error with associated
hit probability
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T7D

Pups&: To change or view current

MODIFY AIM ERROR .Tnpuj: Total aim error
ou.~: Total aim error

T7E

1urpose: To name aim error component

DISPLAY Input~: N/A
C OM P O NM E N TU 

i d e n t i f i c a t i o n

NAME MENUJ

EPurpose: To identify value associated
ENTER AIM ERROR with component name

COMPONENT VALUE Input: Component name
CM N TA E: Component name

NO-
LAST RECORD NO 7E
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T7F

ZUZ=Ds&: Displays 10 component names
DISPLAY and values depending on page

COMPONENT NAMES number

AND VALUES Input Page number, component names
and values

YE7FDLEE PCFIDRCR

NO

7G

9LAST RECORD SET

AD ECORD YS 7

DELETE RECORDYE 7F DLTSSEIEDRCD

49



7G

MODIY RCORDY E 7ELAST RECORD SET

NO

•: To ret rieve component name and values
RETRIEVE Yrom ESle

COMPONENTS 7Hp.•: Pile identification

FROM FILE .Q1u..tuL: Component name and values

50



T 
71

P•Urose: To store component names and values

STORE in file 'ACDAk4.EST" or "AEMOL.EST"
COMPONENT Input: File identification, component names

NAME AND VALUES and values
Outu: N/A

7F



T 
A

MODIFY E~Pux : To change or view current hitM F probability
HIT Inpit: Hit probability

PROBABILITY output: Hit probability

PurposQ: Computes new aim error based on

ESTABLISH THE INVERSE desired hit probability
HIT PROBABILITY AND In•ut: Hit probability and equivalent

CREATE NEW AIM ERROR area circle of the target type
O u: Aim error

Purpose: To change or view current x aim
ADJUST point adjustment

X AIM POINT Input: X aim point adjustment
_E_ __t_ _ -: X aim point adjustment

Zro: To change or view current y aim
ADJUST point adjustment

Y AIM POINT Inplt: Y aim point adjustment
OQut•ut: Y aim point adjustment

2A
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0
DEFINE TARGET

TYPE IN TERMS OF
POINTS TO BE

GRAPHED
S p : To scale and translate target

points onto Cartesian graph
_Input: Target shape in screen

coordinate data
ADJUST POINTS TO ut : Adjusted target coordinate data,

CONFORM WITH screen display two-dimensional
CARTESIAN TWO- Cartesian giaph

DIMENSIONAL GRAPH

4' upose: To output x,y axis labels
SniAi: None

GRAPH X AND Y 1 tiit: Screen display

AXIS LABELS ON I
CARTESIAN GRAPH J

_ _ _ _ _ _se: To output target shape onto
screen

DRAW TARGETTYPE Input: Adjusted target coordinate data

ON CARTESIAN Q.Ut.J: Screen display

GRAPH

4urpose: To output 40,86,99% circles,
DRAW CIRCLES, aim point, and supporting docu-DRASS HCIRCLESDmentation to screen

CROSS HAiR, AND nput: X,y aim point
SUPPORTING Output: Screen display

DOCUMENTATION

2B
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10

Purpose: To allow user to define
theoretical/empirical data as well

DISPLAY GRAPHIC as graph those data
ANALYSIS MENU Inzut: N/A

FUNCTION Cutout: Function code, screen display

< THEORETICAL

DEINC E YEC1

THEORETICAL 2
CURVES

NO4



11

INCL/EXCL YES
EMPIRICAL

CURVES

NO

DISPLAYYE 
2

NO

T Purpose: To display function menu of
system parameters as well as

DISPLAY their current status
THEORETICAL i : Projectile type, x,y ain, point

DATA MENU adjustme.nt battlesighr. range,

FUNCTION cross drift, target type, target
height, target speed, curve 1,2,3
aim error

Ot•1.t,: Screen display, function
ident i ficat ion
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12

NO

NO

DEFINE YCAMROINS1
ADJUSTMS ENT'

NO

DEI E FIEY

RANGET YF

NO

DEFINE ROSS5Y



L13)

DEFINE TARGET YES 16A
HEIGHT

NO

16B
SIP EE EE DO

NO

DEFINE CURVE 1 7A
AIM ERROR

NO

DEFINE CURVE 2 7A
AIM ERROR

NO

DEFINE CURVE 3 y 7A
AIM ERROR

NO

STORE PARAMETERS y 17

NO

14
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14

PARAMETERSN•' •

NO

14A

Euros: To change or view current
MODIFY projectile type

PROJECTILE Input: Projectile type
TYPE Outpu: Projectile type

14B

MODIFY Z : To change or view current x ain.
point adjustment

XTPNput: X aim point adjustment
ADJUSTMENT Outp: X aim point adjustment
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15

Purnoge: To change or view current y aim
point adjustment

MODIFY Input: Y aim point adjustment
Y AIM POINT Qlaji: Y aim point adjustment

ADJUSTMENT

15A

YP-urps: To change or view current
MODIFY hattlesight range

BATTLESIGHT Inpu Battlesight range
BRATGL OutpT: Battlesight rangeRANGE

Y5Puo : To change or view current
MODIFY cross drift speed

CROSS DRIFT Input: Cross drift speed
SPEED Otp : Cross drift speed
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16

EPiarpose: To change or view current
target type

MODIFY TutK: Target type
TARGET u : Target type

TYPE

E R: To change or view current

MODIFY target height
InRut- Target height

HEIGHT O : Target height

11A

16B

Pulp~ s: To change or view current
MODIFY target speed

TARGET input: Target speed

SPEED Output: Target speed
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17

Burpnse: To store battlefield situation
parameter data and aim error for

STORE each curve in file "BATCOND.DAT"
BATTLEFIELD I7ngu: Projectile type and identification

PARAMETERS IN FILE code, x,v aim point adjustment,
battlesight range, cross drift speed,
target type and identification code,
target dimensions, target speed, and
aim error for curves 1,2,and 3.

11A it: "BATCOND.DAT"

17A

L : To retrieve battlefield situation
parameter data and aim error for
each curve in file "BATCOND.DAT"

RETRIEVE BATTLE- .Tnu : N/A

FIELD PARAMETERS 2nt.li: Projectile type and icientification

FROM FILE code, x,y aim point adjustment,
battlesight range, cross drift speed,
target type and identification code,
target dimensions, target speed, and
aim error for curves 1,2,and 3.

11A

Purpose: To display empirical function menu
DISPLAY inp: N/A

EMPIRICAL Qutqa±: Screen display, function

DATA MENU identification

FUNCTION

18:



ENTERYE
EMPIRICAL 1

DATA

NO

RETRIEVE
EMPIRICAL19

DATA

STORE YS 2EMPIRICA

DATA

NO2



ENTER TARGET
RANGE VALUE

ENTER ASSOCIATED
HIT PROBABILITY

LAS ENRYNO 19

YES

Purpose: To extract previously defined
empirical data from file

RETRIEVE EMPIRICAL iu1uL: N/A
DATA FROM FILE Outpu: Empirical data

20A
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T20

.uggs: To store empirical data that
STORE EMPIRICAL are defined

DATA IN FILE In : Empirical dataO u p u : N / A--- 
-

V

P : To display empirical data
DISPLAY DEFINED on screen
EMPIRICAL DATA fi .t; Empirical data

Q01It': Screen display
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21

ADD YLAST ENTRY SET
RECORD

DEE 20A DELETES SPECIFIED RECORD

NO

F19 LAST ENTRY SET

REC ORD

EMPIRICAL DATA 20EDIT MODE SET

QUIT Y 7

,N-



IDISPLAY THEORETICAL P To display theoretical curve data anri
CURVE DATA AND menu of curves to be plotted
DEFINE CURVE TO ADIp: Theoretical curve data

DFINut: Display screen, selected curvoe
DISPLAY

22Aj

Ruros: Determines whether to include/exclude
SET FLG TO INCL/EXCL theoretical curve dispJ!'"

THEORETICAL C'JAVE ! iýlia: ThLeoretical curve plot .. ,g

DISPLAY outi)zL: Theoretical carve plot flag

10

221B

Sj/LVL~a.•.: Detei-ir;,es wthetrer to include/exclude

6 S:ET FLAG TO, INCLjEXCL inE-;-r, Cl cirve display5 MPIRICAL DURVE In Empirical curve plot flag

D!SPLAY -.: i .i l .urve plot flag

(D
.0.,



.- ýT E RET!CAL NO, 23-A'

CURVE PLOT•..FLG SET•"..

• : To display selected theoretical
DiSPLAY curves on screen

THEORETICAL Aptan: Theoretical curve data

CURVE PLOTS Qu.pL a: Screen display

EMPIRICAL N

CURVE PLOT 10.. ~FLAG SE'T ---

Purpose: To display empirical curve data
on screen

DISPLAY EMPIRICAL L : Empirical curve data

CURVE PLOT Q=-pmt=: Screen display
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10 'AIP1N ERROR MODEL VERSION 6.8 - EGA CCLOR GRAPHICS tWITH ¶THI -f3rRCCEcE2:-R
'6 JUNE 1987

30 'COMBINATION OF JOEL KALBD'S AND SANDER REIINHARTZ'S AIM ERROR PROGRAM.S.
'40 'UJTHORS a JEFFERY L. MAXEY. SR. & SKNDER REINHARTZ
51 SCREEN 8'
52 COLOR 15,1
60 OPTION BASE I
52 DIM XPT(9), YPT(9), NXPTS(9). NYPTS(9), PL.TX(3.2o6). PLO.Y(3,20). DAT3.ý B
63 DIM ADXPLT(38), ADYPLT(38). PLTXX(38), P.jfX(38), SIGMAi(3), C1(40. BL•NK$(Z;.1-
64 DIM CNANES(3,30), CVALUE(3,30), TFACTOR(3), TDULIY(3). DNAME$(3.30). DVALUE;3.35)
71 RB = 2-50 ' IDENTIFY DA7TLERIGHT RANGE
72 VW = ' IDENTIFY CMSDRIF7
3 VR =- ' IDENTIFY TARGET SPEED

74 PJ-1 ' INITIALIZE PROJECTILE ,D CODE

75 TYPES = E Silhouette " ' IDENTIFY TARGET TYPE
76 RD$ = "M193" 'IDENTIFY ROUND TYPE
77 LA5 = 0
80 SIGMA= 1 ' INITIALIZE AIM ERROR FOR PERFORAINCE 4ODEL

81 TGTN-I ' E-TYPE SILDUETTE CODE

82 AET = ' TOTAL ESTIMATED AIM ERROR

83 SIGAI1l() = I ' INITIALIZE IST THEORETICAL CURVE AIM ERROR

84 SIGMAI(2) = L 'INITIALIZE 2ND THEORETICAL CURVE AIM ERROR

85 SIMAI (3) = 3 ' INITIALIZE 3RD THEORETICAL CURVE AIM ERROR

86 SNO= I
87 TCURVE$ = "Curve(s) 1.2.3"
88 ECURVE$ : INot Defined'
89 CIX = 0
98 CIY =

92 cJY= 0
99 3=1I '.NITIAL6.7. TARGET HEIGHT

:00 A = .486*6 ' INITIALIZE TARGET WIDTH

!10 N = ;NT(B)
I.! iFN ( THEN=N 1
- C = .256*B 'INITIALIZE TARGET HEAD HEIGHT

113 D = .211*8 'INITIALIZE TARGET HEAD WIDTH
G., O•U 11650 ' REFRESH SCREEN

15 PRINT " MARKSMANSHIP AIMING AND TRACKING ANAL.YSIS SYSTE" : DRINT "

118 PRINT " DEVELOPED BY" : PRINT

!!9 PRINT " JEFFREY MAXEY SANDER REINIHRTZ" : PRINT "

121 PRINT " GENE CUCCARRESE' : PRINT "
1 1 PRINT " ADVANCED TECHNOLOGY, INC., ORLANDO, FL. 32N3* : PRINT "

-2 PRINT " :OEL KALB JIM TORRE" : PRINT * "
.23 PRINT " U.S. ARMY HUMAN ENGINEERING LABORATORY"' :PRINT *

:24 PRINT " FOR' : PRINT "

PRINT " U. S. ARMY 4q TRADE & U. S. ARMY HUMN ENGINEERINS LABORATORY' : PRINT

126 PRINT " (INITIALIZING)'
127 BLANKI$(1) a "
131 BLAN($(2) s '

31 BLANKS (3) z 0
1-2 BLANKS(4) = ' '
133 BL.AN(S(5) = "
134 BLANKS(6) a' "

135 BLANKS (7) a *
26 RBLANKS(8)u' a
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.37 BLANKS(9) "

138 BLW $(10) = a

'39 BLA.$(11) =i
140 BLANKS(12) -

141 BLANK$(1=3)
142 BLP•K$(14) = u "
143 BLANKS(15) = •

BLAM($(16) = '
145 SLANW1K$7) = fl

146 BLAWnS(18) = '
147 BLANK$(19) = .
148 BLPN$ (2t) =
149 LAK.($(21) = .
!zo BLANK$(2) = *
i51 BLANK$(23) = ' "
!52 ADDEC a 0 ,INIT!AL!ZE PLOT EPPIRICAL CURVE DATA
153 ADDTC = ' INITIALIZE PLOT Ti.ORETICAL CURVE DATA
154 STSECS = "EXCLUI)ED"

STSTCS = 'INCLUUI"
156 GORND = 1
157 GM - 7
158 PSTA =
159 PE]ND m 3
160 FOR PM = 1 T0 3
16! CO0SUB 15588
162 NEXTPM
"163 PMT = 3
!64 GOSh3 11650 REFRESH SREEN

178 DISPLQY .•AIN MODEL 1NU

:9 PRINT _ _"

i32 PRINT " P.

193 PRINT " Select Model Ootion I
194 PRINT " 1"
200 PRINT I Parameter Ainaiysis ........... I1 .

210 PRINT " Graonic Analysis .............. 2 I"

2. PRINT Quit ýOdel ..................... 3 .
221 PRINT ___"

S•RIDNT ..

S238 INPUT Enter -) ":GTYE ' IDENTIFY MODEL TYPE
240 IF GTYPE ( OR GTYPE 3 THEN GOTO 153 ERROR CNDNIT:ON EXISTS
259 IF STYDE = 2 THEN KEY OFF : OTO 4270 ' -ERFOR AIMING :-RROR DATA NALYSIS

260 -F STYPE = 3 THENm OT PO?#10 EXIT 40DEL

288 ' PERFORM AIMING ERROR MODEL
29.0

31, ,AXXRES = 640 :AXYRES 20 ' SCREEAX RESOLUTION X & Y
318 ASPECTRT!O = 4/3 ' SCREEN RTIO OF X TO Y
00 R =250 ' TARGET RANGE

420 PN:
6-A Pl 3.141593 ' CONSTANT VALUE -OR PIE
46a C0x = ' X ZERO AIN POINT

470, CIY = ' Y ZERO AIM POINT
4 CJ'. ' X ADYJSTED ZERO AIM POINT
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Y ADJUSTED ZERO AIN POINT
AIM ERROR OR STANDARD DEVIATION

7TL = 01 CONSTANT TOLERANCE VALUE
Z1- ,,AXCNT = .0
"_.a' A;E. . *(B -o; +C*D ' AREA OF THE TARGET
•.90 RPDC.R = SQR(AREA/Pl)
7.5a 3SUS 7 ESTABLISH TRAJECTORY INFO
Z50 ps = R S SIGMA/ iIM

DGOSu 33E ' ADJUST X & Y ZERO/ZERO POINTS

GOSL, 27"S ' ESTABLISH HIT PROBABILITY
:-,80 510slob -- ' DISPLAY AIMING ERWOR MODEL ,NENU ON SCREEN
-.0 7 OICE =I ,N GOSUB 730 GDSUB 7'80 : GOSUB 878 IDENTIFY BATTLESIGHT RNGE & ROUND TYPE

IF CHOICE = 2 THEN GOSUB 940 GOSUB 870 IDENTIFY CROSSDRIFT SPEED
:F CLOICE = 3 THEN GOSIJB 109 : GOSUB ;40 : GOSUB 870 IDENTIFY TARGET CHARACTERISTICS

;-0c iF CHICE = 4 T-,EN GOSUB 1430 GOSUB 1540 : GOSUB 870 IDENTIFY TARGET RW%(4L / SPEED
L--o IF CHOICE a 5 THEN GOSUB 1690 COMPUTE AIM ERROR
6" IF CHOICE = 6 .-,qEN GOTO 1930 COMPUTE HIT PROBABILITY
6K :F C1ICE = 7 THEN GOSUB 2190 GOSUB 870 ESTABISH ADJUSTMENT TO AIM IN X • Y
E68 IF CMOICE = 8'EN GOSUB 5240 DRAIW AIMING ERROR MODEL GRAPH
670 IF -'OICE = 9 THE GOTO 71 RETURN TO MAIN MENU
60 IF COICE ( i OR CHOICE ) 9 THEN GOTO 5f ERROR NALER
6q@ 60,n ;Aa RETURN TO AIMIN6 ERROR MODEL MENU

718 ' IDENTIFY RATTLESIGHT RPiI6E AND FROULND TYPE

731 AS = \&\ NO

7232 PRINT
7.3 PRINT " !"

SPRINT USING AS:" I Crrent Proiectile Tyre ":PJD$, I"
?19 PRINT
7-8 PRiNT " M193 Pro.,ectie ...........
752 PRINT " MNM ProIEctile ........... 2
753 PRINT " AT-4 Projectile .............
754 PRINT I
755 PRINT I Enter (cr) To Keeo Current Projectile Tyoe I'
756 PRINT
757 PRINT I Or Enter New Projectile Tvoe
78 PRINT " I"
759 PRINT
763 INPUT Enter -) "*•
764 IF At " THEN BOTO 767

765 IF VAL(AS) I OR VALS) ) 3 -HEN GOTO 730
766 PJ = VAL(AS)
767 IF PJ z I.fI-N RN$ = "M193"
768 IF PJ = 2 THEN RD3 = "M8,5"
769 IF PJ = 3 THEN RD$ "AT-4"
776 RETUf
788 i3OSUP 1165 ' REFRESH SCREEN
781 BR = RB 'SAVE OLD CJRRENT BATTLE5IGT RANGE
782 A$ ='

783 PRINT _

784 PRINT
790 PRINT LSING A$:" I Current Battlesiaht Ranae ";RB:' m I"
80 PRINT " I.
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e0l :"PNT Enter (cr) To Keeo Current Value I"

sea:)?NT IN
810 F'RIh7 " Or Enter New Battlesight Range I"
8E• PRINT
8E! PRi!NT

INPUT Enter -) ";AS
840 " OTO S6a
358 RB VAL(•$}

3F~TNO 2 AND IRB R : R9S 410) THEN RB BR GOTO 780
865 AF T7TO , IND (RB -.R RB) 4800) THEN RB BR GOTO 780
566 EETI'N
867
866 ESTABL..H BALISTICS, AiM, AND HIT PROBABILITY
869
879 GOSUB -B70 ' ESTABLISH TR.JECTORY IWO
880 GOSUB 320 , ADjUST X & Y ZERO/ZERO POINTS
8'3 GOSUB 3726 , ESTABLISH HIT PROBABILITY
M. RETURN

910
929 'IDENTIFY CROGSDRIFT SPEED
930

940 GOSUB 11650 'REFRESH SCREEN

941 A$\ =\#.\ \v

94Q PRINT "
943 PRINT

PRINT [LIN. A$:- I Current Crossdrift Soeed ";VW" Is
960 PRINT
961 PRINT En ter (cr) To Keeo Current Value
%32 ORINT
970 PRINT Or Enter New Crossdrift Soeem (+ or -)

980 PRINT
981 PRINT

I• INPUT Enter -- ) ";A$
i1 IF As = THIN 6OTO 1020
!010 VW = VAL(AS)
1820 RTMRN

1070 * :DENT!FY TAGRET CHARCTERIST!CS
1080
1090 GO0%B "1650 ' REFRESH SCREEN
1691U\ \&\ =\

1092 PRINT ....
1093 PRINT
110 PRINT USIN6 A$:" I Current Taroet Tvoe ":TTYPE$:"
1110 PRINT I
1140 PRINT " E Tvoe Silhouette ............... I I"

1158 PRINT "I F Tyoe Silhouette ............... 2 1"

1160 PRINT I Tank - Side Vie ................ 3 In

1170 PRINT I Tank - Front Vi ............... 4 l"

1180 PMINT In"

1181 PRINT " Enter (cr) To Keen Current Target Type i"

1182 PRINT ".

1183 PRINT " Or Enter New Target Tyoe I"

1190 PRINT "
1191 PRINT
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1192 :NPUT " . ..
120 IF At ' H EN GOTC 2".3
1^221 IF VC~.AL ) ( ', OR 3070 .- IID

1222 TGTNO = VA.A)
1203 IF TGTNO = 1 ThEN TYFE " E:-0oue
1205 IF TGTNO = 2 T.FJ TTYPES = 7 3i'..uette
126 IF TGTNO = T7iN T•YPE$ = 'anK - S'e ,J-Ew'
1217 IF TGTi z 4 THEN TY'E$ -

1245 RE URN
1i250 50FLB 1.....659':==:•,••'

1251 AS =

1252 PRINT t

1253 PRINT U I"

1260 PRINT LSING P$:. Zirrent Tarcet 4eioht ":B:" i i"

1270 PRINT

1271 PRINT E E:ter icr) To Keev Current Value
1272 PRINT"
1280 PRINT I Cr Enter New Taroet Heicnt (1-10 :i I"

1290 PRINT • IW
1291 PRINT
1300 INPUT Enter -) *:A$

1310 IF A$" THEN 1330
1520 HT = VAL(A$)
!321 IF HT ( I OR HT ) 10 H 6OTO 1250
1322 D=HT

1F nM I- - .WON A = A~f9 254 D '1114S

'340 IF TNO =2 THEN A = 1.344*B: C :.25*B : D=.i37-

1350 F TGT = 3 THEN A = 2.690B C .35*B: D .64*B
136 2F MIN 0 4 K A = 1.206B :C .7*B : .49#9

361 1:GTYPE 2 THEN RETURN
1370 N 1INT (B)
'380 F N i : TiEN Na 1
1420 RE' RN
!421
;422 DEINE TARGET RANGE

1423
:430 606)B 1:650 RE;;EEH SC'EEN
1431 BN = i I SAVE CD :URRET RANGE

1432 AS =

1433 PRINT
1434 PRI!4 I"

1440 PRIR USING AS: Current Tarcet Rance .:R, m

1450 PRINT
1451 PRINT " Enter (cr) Tc o(een Current Value I"

1452 ORINT 1 1.

1468 PRINT Or Enter New Taroet Rance I'

1470 PRINT t iI

1471 PRINT " "
1480 INPUT ' Enter -) ":PA
1490 IF AS THEN SOTO 1510
152 R = VAL(3$)
1510 IF TUTN (=2 AN (R I OR R 402) THEN R = R :SOTO 1430

1520 iF1 TGTh) 2 PD (CR I OR R 4M2) ThENR BR : DR GT 1430

1530 RS = R # SISYMl1222
155 RETURN
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1536
1537 , DEFINE TARGET SPEED
1538
1540 GOSUB 11658 ' RF.RESH ,-3 ...
1541 A$ =
1542 PRINT - "
1543 PRINT
1550 PRINT USING AS.' I Current Target Szeea ':-vR:" m/5:

1560 PRINT I I"
1561 PRINT I Enter (cr) 'a keeo Curren; Value
1562 PRINT .
1570 PRINT I Or Enter New "arnet ne.o .c -o

1588 PRINT _ _'"

1581 PRINT
1590 INPUT " Enter -- > ":e$
1600 IF q$ "THEN EOM 1W0
1610 YR = VAIJ$)
1656 RETURN
1660
1670 ' AIN EROR AALYSIS
1680
1690 TEID = 0 ' INITIALIZE .P¶WR OF CONPJTING AIM ERROR
1691 .. SImn a SIcGAp : OLDPROB PROB
1692 P -= 1
1693 6W06U 15770 , DMrTRFINE VNWER IN WN!04 AIM ERROR IS To OE CLH.. c.ri
1694 R 63 = 0
1'-Y IF TAEID ) 1 THEN GOTO :803
1701 GOSUB 11650 ' REFRESH SCREEN
1-02 As = "\ .W\ N

1710 PRINT
17,20 PRINT
1739 PRINT USI% A$:' Current Aim Error ":S: AP:" mils
1740 PRINT "
1750 PRINT I Enter (cr) To Keeo Current Value 1"

1760 PRINT I
1770 PRIN; I Or Enter Now P•m Err o"
1780 PRINT "
1790 PRINT
1890 INPUT Enter -- ) ":AS
1801 IF AS '* 1EN F G3 =0 GOTO 1820
1802 SIGNO = (AS)
1803 IF SIGMA 0 T1EN SIV = .= -00
1864 cLAG3 = I
1805 SUESS2 SIGMA
1020 RS = R SIGMA /Si
1838 GOS601B 3730 ' ESTABLISH HIT PROBABILITY
1831 NEWISI6M SIGN NEIJPROB= PROB
1832 {69UB %99
1840 RETURN
1988

1910 ' DEINE HIT PROBABILITY
1920
1939 6061. 11650 ' qEREH SCREEN
1931 AS V
193" W•"
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"333 PRINT
:934 PRINT "

1949 PRINT USIN6 A$-' Current Hit Probability "-PRODB:"
1950 PRINT 2 1.

56a PRINT LUIN6 BI:' Current Aim Error ".SISNA:'0 z-.

1980 PRINT a'
1sw PRINT a Enter (cr) To Keeo Current Values
1991 PRINT 

"

.992 PRINT O Dr Enter New Hit Probability (0-1) 1"
2I02 PRINT "__ _

dR3I PRINT R "
ININPUT Enter--) "A$

'we IF A$ TH"" FLA4 0 :USERPHIT= 0 :PHIT =PROD: GOTO 2W
1030 PIHIT VAL(A$)
1031 USERPHIT = PHIT
2032 FlJ4 = I
;I0 IF PHIT (2 ' TND PHIT JO.N,: : LINE LOWER L:.IT. OF HIT PROBABILITY

-050 IF PHIT )= I TO•N PHIT I-. eeeeI ' DEFINE LPPER LIMIT OF HIT PROBABILITY
2051 OLDPRCB = PROD : OLDSIGM = SIG*A

c^60 GOSLB 3380 'ESTABLISH ThE INVERSE HIT PROBABILITY
261 IF FLO = I THEN FLA•S 0 : GOTO 1930
262 IF FLA5 = 2 THEN FLAG 50 : GOTO 90_
2070 .EWSIG = SIGMA

2098 GOSJB 3730 ' ESTABLISH HIT PROBABILITY

2092 GOSUB 949t

IN0 GOTC 580

:E..:NE I A•M PCINT ADJTS.ThET

2190 GOSUD 11.658 REFRESH SREEN

201 PRINT ....
1221 PRINT

i -82 CRINT USING 9,:" "urent 9im kiustment ":CJX:" m
22&3 PRINT
L204 PRINT "nter icrO To Keeo Curvert Value I"

.205 PRINT
Z213 PRINT fir Enter Ww X-Aivm diustment (+ or - "

224 PRINT "_l"
2215 PRINT "

2216 INPUT Enter -) :A$

2250 IF As= "TH" E 3OTO 2-5

La--o CJX = VAL($)
2265 IF 6TYPE a E THEN OT" E370
2266
2267 ' DEFINE ' AIM POINT ADJU.STMENT
,2268

2270 GOSUB 11656 REFRESH SC'RE.
2271 A = \##.##\

"-272 PRINT _ ___-

2273 PRINT
Z280 PRINT LSING A$,' I Current Y-Ai, Adjustment ";CJY:" m

229% PRINT
M91 ORINT E inter (cr) To Keel Current Value

17



PRINT II
V PRINT I Dr Enter NIew Y-Aim Adjustment (+ or -) I

2:: PRINT "__ I"
PRINT

. INPUT Enter--) "1AS
2:"8 IF AS = THEN GOTO 2370
-3-4 CJY z VAL(t$)
'272 RETURN

EXIT MODEL

241a SYSTEM
2460 END
247a
24,8 'PAFIETER ANLYSIS MENU
249t
-5Ma CLS
2510 DRINT " PARAMETER AN4ALYSIS"
25 PRINT
2530 A$ zw2540 BS x \\& i

2560 D$ \\##tC\ \E\ 4\. V
257,0 E$ :" N.\\#.•\ \

2585 G$ \f .*I\ \*U.#I\ \"

Inge PRINT USING A$t" Projectile Type ;,RD$;u Target Type"-TTYPE$
2620 PRINT USING B$;" Initial Pitch Angle ;GAMAW#1N0;' mils"
-1 PRINT SING C$: ýliht Time :TOF." s Target"
2620 PRINT USING DS,0 Impact Velocity ";VEL;" m/s Dimensions Heioth ,;B:' i"
2 PRINT ISING D$:" X - imoar~t Point ";CIX:" m Width ':A:" m"
2640 PRINT USING E$;" Y - Impact Point ";C"Y;" m Area-,tA*(D-C)+tC.Di) vsa"
265a PRINT " "

2660 PRINT " Battlefield Conoitions"
:670 PRINT "- -. 1

2680 PRINT USING F$;" Battlesiont *;RB:" m X - Aim Adpustment ";C.X:" •"
269 PRINT USI.G F$;" Crossarift ":VW:" m/s Y - Aim 04justment ";CT:" mi"
27@0 PRINT USING G$;" Target Range V:R:" mi Aim Error ":SIGMA:" 1is"

2710 PRINT USING F$:" Target Seed ";VR:" mls Hit Prooability q;PROB
2720 PRINT "

2730 PRINT " Selec: Functicon(s)"
2740 PRINT "-- .

2750 PRINT " I - Projectile Tvye/Battleslo.t 4 - 'arget Ranse/Seed 7 - Adjust X/Y Aim"
.76 PRINT " 2 - Crosgdrift Soeeo 5 - Aim Error 8 - Graoh Results"

2772 PRINT " 3 - Target Characteristics 6 - Hit Prooaoility 9 - Quit"

2881 PRINT"
2810 INPUT Enter--) ";CHOICE

2830 RETURN
2840
2858 ' SET TRkJECTORY CHARACTERISTICS OF R(UND TYPE

2870 IF PJ = I THEN GM .3
2871 IF PJ = 2 THEN GOSU3W7O
2872 IF PJ a 3 THEN OM 3111
2860 GOSUB 3210

) 8



%11i93 --lND :4- C-ERISTIC DATA

•=0CI2'2 = .. 5,991899D..•

C,3, = -E6934 t7D-12
2.97a r 4) = . 4.,94D-*4

99 4 = 989. 8 P ED 619/87
.•0,'Cc" = '. .4., Zi 'ODT3-:E 6,191/L7

VE1' = ".. '";DPTED 6/9/87
s3e0 ýT-1 = ":837.6 'LPDATED 6/9/87

3B3 ;ETJRN
3040
3050 ' DEFINE '!85• ROUND CHARACTERIS7:C DATA

3070 Ch1 = 11 #t836Q2-811#
3M90 C1 (2) = . 06575955D-09

3188 CI(3) = 1.87280127D-13

3101 CI(4) = 5.73649176D-15

3112 RINF = 1464.87 '(IX RANGE
3103 VO a 924.57 'PDATED 6/9/87

3104 T0FI = 1767.26 ULPDATED 619/87
imVOLt = 00i.82 UPDATED 6i9/87-

3106 VE12 = 2641.7•4 'UPDATED 6/9/87

3107 RETURN
3168
3109 ' DEFINE AT-4 •'UN CHARACTERISTIC DATA

3110
3111 CI(1) = 5.L1874&3-e-

3113 C2(2) = M.MOSE-8

3114 CI'3) a V.4895-!'
3115 C(4) a. @72329E-.4
3116 NF = !881.74 'I RAxROE
31!7 VO = 290.6 '4M-TRS PER SECOND

31,18 TOFI = 2395.6 'UPDATED 6/9/87

3119 VE'I = 3946.4 'UPDATED 6/9/87

3120 VEL2 = '.96.9 'UPDATED 6,9/87

3121 RETJRN
3180
3190 , C TE TRAJECTORY DATA

3210 GAMMA = Q # (CI(1) + qB tCl(2) - RB * CI(3 Q AD B, (:4)))

322 YTRAJ = GA * R * (- R / R) R i RINF)

3230 TFl = R (VO l (I -R/ Tt I)) 'UPDATED 6/9/87

324 XTIJ = VW*(R/1215. 36) 2/(Q-(R/1045.4 1)+ (R/177& 5)"2)

3250 VEL VO # i I - R / VELI} V (1 + R , VEL2) 'UPDATED 61987
3260 XO = VR a TOF
3270 Yo 0
3289 REUJRN

3290
3300 ' SEX &Y IACT POINT
3310
,,----- CIX =CJX + (XTRPJ - 40) ' N

"7.•



3336 C:Y + (Y'RAJ- 'IC)
3340 RETURN
3358 

7

336 ' DEVELOPMENT :S INVERSE PROBABA:'.Y DRTA
3370
3380 FL6'3 = 0
3390 RSTt•P RS
340 .RS u RADCIR / Rt-i * -'
34108GES S ;
3411 NESIGM = SLESS
3420 GOSUB 1164. REFREEH SCREEN
3421 A$ \\# .*

3422 PRINT ___

343 PRINT I.

3424 PRINT USING At-' I First Aim Error Estimate "SSUESS;" ails I"

3425 PRINT 1 1"

3433 PRINT Enter (cr) 7o Keep First Estimate

3434 PRINT I"
343S PRINT I Or Enter User Estimate (in mils) I"

3M36 PRINT " Im

3437 PRINT"
3440 INIiT Enter-)"A

3458 IF A$ = THE4 TO 35M
3466 SWESS2 z VAL (AS)
M5W RS = MS2• R /INB
3561 FM = MENEM

3519 6070 3538
3 2•0 S &ES =

3Mo F.MI =' 43550 FL = P---

3S61 wHLE F 6II 0 AND FLA62 0
3570 GOSUL 3730 ESTABLISH HIT PR0BABILITY

358 TERM !XI ElXl 1- X2 * E2) *(HI - H2) A Y. t * G1 - Y2 G*6) # iFt - F2)

3590 TER (X3M E3 - X4 * E4) (H3 - H4) + (Y3 63 - Y4 6 64) * F3 - F4)

36W PROBDERIV = -(TERNI + TER2) RS
3610 IF PROBDER!V a 0 THEN COTO 10150
36c2 CORR a (PROB - PHIT) / PROBDERIV

3630 RS =S- CORR
3640 CLIT : COUNT +,
3650 IF ABS(CORR) ( iOL # (BS(RS) THEN -LAG1 = 1
3666 IF CMUNT ) MRXCNT THEN FLGG2=
3670 WN
3680 IF F 62 I OR RS ( 0 THEN OTO I1 ELSE IM =AS IM R/

3698 RETURN
3786
3710 ' DEFINE HIT PROBABILITY BASED ON TAIRET SIZE
3726
3730 XI a (A/2 - CIX) AS
3740 12 = (-•12 - CIX) / RS

3750 X3= (D/2- CIX) ARS
3766 X4 (--0/2- CIX) /RS
3776 YI1: (B/2- C - CIY) / RS
3780 Y2" = (-Bi2.- CIY) / RS

so



3798 Y3 a (0/2 -CY) IRS
3810 Y4 r YI

3810 X 4 Xl
3820 GOSUD 4140

3830 El I Z
3840 FI1 P
m X8 Xa2

3860 I60UD 4140
387 E2 2Z
3880 F2 P

3898 X X3
NO GOSUMB 4148

3910 E3 a Z
3920 F3 c P
'938 XUX4
394 GOSUBM 41
3,e8 E4 z z
3960 'F4 a P

3970 X a Y1

3980 GM 4140
3990 61=Z
400 HI z P
4010 X a Y2

20 MI)SUD 4140

4048 H2 P
4056 X V3

440 GOSUB 41408
471? 63 a Z

4@80 H3 a P
4m 64= 61

4,18 PROB = FI-F2).(HI-,t2)+(F3-;,)*(H3-Mt)
41,0 I•ETURN
4138
4131 '

4132
414@ XA = ABS( M

4150 IF M ) 12 THEN XA= 10

160 AI . 4361836
W17 A -. 121676
4180 A3 . 937298

41W8 T I / Q1+.332%7 0 XA
428 1 .3989423 EXP(-.5 # XA XA)

4210 P = I - Z I (T * (Al + T 0 (W + T A31))

422: IFX ( o TýIMEP= I -P

4230 RETURN~
4248
4250 PROCESS THE GIRAIC PANLYSIS MODEL

4260
4270 GOSUB 11650 ' REFRESH SCREEN
4280 COLOR 15
4298
4388 ' DISPLAY GRAPHIC AI.LYSIS MENU
43!0



4317 IF PLOTPT I T0 N ECURVE$ "Not Defined"
S4318 C$ = \1\
4319 Bs =v.
4320 AS= =
4321 PRINT -____--_
43Z2 PRINT

323 PRINT I Select Function
4324 PRINT " I
4325 PRINT ' Define Data 0

4424 PRINT * Theoretical .................................. I -
4425 PRINT USING C$; Emoirical .......... ";ECUR YE$;. .............. 2 1"
4426 PRINT " Plot Curveis) I"

4427 PRINT LSING IN B; Select Theoretical Curve(s) .. *:TCURVE$;".. 3 i"
4428 PRINT USING AS; I Include/Exclude Theoretical ..... ";STSTC$" .... 4 1'
4429 PRINT USING A;* I Include/Exclude Emoirical ....... ";STSEC$; ...... 5 I"
4430 PRINT I Disolay ...................................... 6 1"

ý432 PRINT I Guit .......................................... 7 1*

4433 PRINT • _ •
4434 PRINT
4435 INPUT " Enter --) ;FC
4436 IF FC( I OR FC) 8 60TO 4270
4437 IF FC I THEN 6OSUB 17930 ' DISPLAY THEORETICAL FUNCTION CODE MENU
4438 IF FC = 2 THEN GOSUB 18288 ' DISPLAY EMIRICAL FUNCTION CODE MENU
4439 IF FC- 3 THEN6OSUB 1856I ' DEFINE CURVS TO BE PLOTTED
4448 IF FC = 4 THEN 60SUB 15175 ' INO.UDE/EXCLUDE INITIATION SWITCH
4441 IF FC = 5 THEN 6OSUB 15160 ' INCLI•)/EXCLUIDE INITIATION SWITCH
4442 IF FC = 6 THEN GOSUB 18231 ' DISPLAY 6•RAPHICS
1443 IF FC = 7 THEN GOTO 71 ' RETURN TO MIN MENU
4444 60TO 4270
5210
522U ' SET XMIN RANGE OF TARGET
5230
5240 XPT(1) = ((A/2) /N) *64: YPT(1) = ((BI-) /N) *6
5258 XPT(2) = ((D12)IN)*64: YPT(2) = ((B/2-C)/N)V62
5260 XPT(3) = ((D/2)/N)*64: YPT(3) = ((B/2)/N)*60
5270 XPT(4) = ((-Di2)/N)*64: YPT(4) ((BI2)IN)*6U
5280 XPT (5) = ((-D12)/,4) "64: YPT(5) = ((B/2-C)/N)*6O
5290 XPT(6) = ((-A/2)/N)*64: YPT(6) ((B/2-C)/N)*68
53w0 XPT(7) = ((-A/2)/N)*64: YPT(7) ((-P/2)/N)*6O
5318 XPT(8) z ((A/2)/N)*64: YPT(B) = ((-B/,)/N)*&ý
5320 XPT(9) = ((A/2)/N)#64: YPT(9) ((B/2-CI/N)ý06
533n GOSUB 5698 SET SCALE VALLE
5340 6059B 561 SCALE MAX ND .1IN VALUES
5358 GOSEM 583m SET TRANSLAT!N VL.E OF TARGET
536 GOSIB 5/5 I TRANSLATE MAX AND 1IN VALUES
5370 6S061 5890 ADJUST MAX AM MIN VALUES -0 SCREEN COORDINATES
5380 COLOR 15 SET FOREGROUND COLOR TO WHITE
540 KEY OFF
5410 CLS
5420 CALL XY1L (N) ' DISPLAY X & Y CARTESIAN MPH LAMA
56OSUn 188•9 ' DRAW 2 DIMENSION GRAPH
5530 a0m119 6290 ' DRAIW TARGET WITHIN GRAPH
5540 6019248 'SET RADIUS OF 4,86,99•% CIRLES
5550 GO61 9310 ' DFR% CIRCLES AND DISPLAY SUPPORT DOCWM(TATION
556 A$ a INEY$ : IF •A$ "O6O55
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5 "10 RETURN
5580
S590 I SCALE POINTS OF TARGET

56a0

5G:0 FOR PTNO = I TO 9
5620 NXPTS(PTNO) = XPT(PTNO) * XSCALE
5630 NYPTS(PTNO) = YPT(PTNO) * YSCALE
Ew .4EXT PTNO
5650 RETURN
5660
5673 SET SCALING VALLUE
!G38
5690 XSCALE =
5700 YSCALE = XSCALE
5710 RETURN

7 ' TRANSLATION OF TARGET
5740
78 FOR PTNO = I TO 9

5760 NXPTS(PTNO) = NXPTS(PTNO) + XTRANS

Me78 NYPTS(PTNO) = NYPTS(PTNO) + MANS
5780 NEXT PTNO
'790 RETURN

581 'SET TRANSLATION VALUE
5820
San" XTRANS = 6
5840 YMANS =
5850 RETURN
5860
5870 ' ADJLST FOR DOT WIDTH AND COVERT TO SCREN CORDINATE SYS-T.M
5888
5890 FOR PTNO = i TO 9
5900 NXPTS (PTNO) =MA XRESi2+MPTS (PTNO) . (!AXX RES/•XYRES/ASPEC•TT!O)
5910 NYPTS(PTNO) --iAXYRES/I-NYPTS(PTfN)

5920 NEXT PTNO
5930 RETURN
6260
6270 DR•A REOUIRD TARGET ONTO SCREEN
G280

6299 DRAW "=+JARPTR$(NPTS (1) J+', ='VQARPTR$(NY'TS (1))
6380 FOR I = a TO 9
G310 DRAW "M'-. VAVTR$(NXPTS(I)).+,="+.ARPTR$(NY'TS(I))
6320 NEXT I
6330 RETURN
9210
9m ' SMALE CIRCLE RADIUS VALLES
9238
9240 RADI = R *. 132 ' LPDATE CIRCLE RADIUS VALLE 7/27/87
9258 RAD2 = R .136 UPDATE CIRCLE RADIUS VALiE 7/27/87
9260 RAD3 = R •. UP ' PDATE CIRCLE RADIUS VALUE 7/27/87
9278 RETURN

9290 'DRAW 41.86.99% CIRCLES, AIM POINT, AND SUfPORT DOCI4DTATION dDM SCREEN
9308
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.2 ~ XPLT(~7 = (tj'Mj) , 4 rl*!6

g~l'4DRW 9= Vh;'-VA1 6=qiRTf(P 0 SL7 CURSOR TO STARI POINT

DRP. 49h 6 10, !K'
9317 PlROW "16R P. H2 G 2R 2

~18DRAW 'BM 540.1e8s
93419 DFP L 12U 2 02F 2 U 2
9322 COLOR 2
93.iO CIRCLE (329 (3E(XTRN8-l)'(CKX*15@)), 19t-CKY#W0,1,1SIGNA/N*RADI I MPATED 7/271/?8
li331 COLOR 4
9340 CIRCLE (324+(3. (XTRP4S-1 )+(CKXe 158) N, 1 U-aY460i,24SIW(A'N*f.2 I UPDI'DaD 7/2-1;87
93A1 COLOR 14

930CIRCLE (32I (3*(XT!RMS-1 14 CKI*158) ), 1-CKY*64) ,3'SI6M/NuoiD3 I UPDATED 7/27'.37
931!3 COLDR 15
215 L.$4 .
9.181 LWCATE 2.3,70
i3LJ P 'T "Meters"
9398 Lu&ATJE 4, 12

PRIN( USING6 L0;'Ht Prob ~;4:: Aim Error =*;SIGVA;" oils Tat-get Range 3:
9418 LXCPTE 6, 22
9420 PRiO'f '&@. 86, And 99 Percent Round I@Dact Circle~."
91430 LflC11i! 23.25

?44 PRINT ":Iil k..y Key To Return To Maiin Menu'
9450 RET1RN

91,70DISPLAY ES71W TON SUMMARY FOR HIT PR~bABILITh'

1490 GOSUB 1!650 'RFYFSH SCREV
9491 A$=1 \t# Srlt V
9492 BS

9493 Dt -4

9!3 PRIi~f
%Jý10 ý'tINT is

950.IN~T IESTIMATION IMM~
X 30 RINT

9531 ru-4T
MPRINT Error Tolerance z &A

9549 PRINT I
SyPRINT I Ebtiwte Hit Pr~bability nis Erroi

9560 PRINTI
9w6 PRINT

9T0PR]Fr 'JSI.% A$, I Inti.1 v;0LDPROB:0Lr.SIG0;" Is

9571 IrFIX3 P~D FLP'34 = Tl 30TO9 E3
IF FWj~ I AND FtiA64 = I T1,VA RINT UG;MG P%;: I User ;USETHrIJES~ 6 AMI

9581 iFF*3 IV LG 0T~ R" 3N 4 I User -''SEB2;~ -, I

95812 IF FULAG. 0 AND rFjC.s4 =I T116% PRINI USING ow; I I ver N1;USZRPH1IT; -

9598 PRINT USIN6 D$: I Prograa -'Sa SSP
3688 PlINT LiPING 4 AS '.A EQ~ROB;NE1J5l(34;
%so0 PRINT ________'

9620 PRINT
%ýlPRIhNT Hit ýmy K.~v To Cantzwie-



9650 RETURN

967, z DISPLAY ESTiATiON UMMiRY FOR AIM ERROR

1112 Sun 1 6% ' RESRE9 SCREEN

S IN PRINT "
V7•b PRIA7" " .
97220 PRi.SIT I ESTIMATION SUMMNARY"

9",0 PRINT"

T DAI I Est i7it Aim Error Hit Probability "

97W PR.IqT Is
l6:1 PRIN) •

7PRNT. USIN R^ I Initijl "';-,JSIENOLDPROBD"

•771 IF LA63 = 6 N XiO 9790
1; I F..[1C I IMJ NI'hNT USi' fý S I User taESS2;-

979 ;.,lINT USIN6 C$S I PrIr's -- I(JOD; I,

98 0.4' IN T U ~ ~ ~-F ~ 1~i
qt"0 .' ,

"H0 K•IW'I • Hzt PNy L1y To Cortinue"
0. = ItWEY$ ; Y 3 T "O 9W

' HIT PFCB96sL'TY TOO LPRGI

ive PRINT cHWWt-I;
104 PROB = WLDROB
I* SICA = OLDSIN1 = 9RS: :A

GOSUB I;Q.3A ' kFRESH "fRE-
1N61 ,x'I " n

1 .IMPINT ' I ,
IM78 PRINT ' Inout P,'ouability Too Large, Choose Ssailer V•I•uv:
il71 PRINT _____"

1ef72 PRIN
Iw8 ImlET Enter '" lu Chcwme maIler Value Eie 7-ter " --)",A$
1I"h•,) IF PI "Y' OR At 'vl THEIN FI - .i 907 I

10120
DER."vQT IV E T PlA LOA t I : 11 1 RO

10155 PRINT Cikv, ')

W,170 SIBMg MIc~ RS - RS 14
18189 PROP = OLLX'Cý
11190 =•9,B 116,5# i'E]FREI SCREEN

10191 PRINT "_"__ _

V1192 PRINT ' I
I? PRINT " Ieri vaive 3f Probabi iy Fruct~on Went To Zero "
Is•1 PRINT 'I
1I"2t PRINT ' I Aip Etror Estmat ion Process 'DID' I is

1123 PRINT a I _ ____I-

i231 PRINT '
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140 INPUT Enter 'Y' To Try Again Else Enter 'T -,, ':;s
15. IF AS = "Y"R =A"$ THEN FLA6S = I : SOTn 802
1060 IF A$ = "N' OR AS on" THEN FLAG5 = 2 &SE GOTDO1I190
128 RETURN

10319 ' DISPUAY HIT PROEAD:LITY BY RNGE TABLE FOR E & F 3II.O-UET -ARVE-S
10320
10338 605JB 1165D ' EFPEN E.CREEM
10340 PRINT HIT PROBA1ILITY BY RANGE aND AIm RO•"

10359 PRINT
10368 AS =V" \"
18378 Bi:
19388 C$ ".. *5.Iw'

1,390 D$ \t..
M88 PRINT USING B$;" Theoretical Curves 1 2 3
19410 PRINT USING D30 Aii Error (mils) a;SIGA1 (1):SIG1A I2):SIGMA (3)
10428 PRINT "*
10438 PRINT USING 5$;" Hit Pfooabil:ty°

44 PRINT USING M$;" Range (meters)

10458 PRINT USINB C$;" 50 ;DAT(1, 25) ;DAT(2ý25) ;DAT(3,25)
10460 PRINT USING C3." in B;AT(1,50) ;DAT(2, 50) ;BAT(3, 5)
10470 PRINT USING C$;s 159 ": (T(1,75) :BAT(2075) DAT(3,75)
1048I PRINT USINg CI$" 209 "DAT(1. 100) :DAT(2, 100);DAT(3, 108)
10496 PRINT USI M C$; 250 DAQT(., 125) ,*AT(0, 125) ;DAT(3, 125)
Ira2 PRINT LSING CS: " 300 ":DAT(U.150):DAT(2.159);DAT(3,159)
10i1 PRINT USING Ct;" 359 ';f'T1, 175) ;DAT(2. ,MI) ;DAT(3, 175)
19520 PRINT USING C: 40 DAM T(I2•) :DAT(2. M) ;DAT(3.20)
10530 PRINT " -

:1540 PRINT Seiect Theore•:cai Curie(s) To Disolay"
11=10 PRINT
10568 PRINT I - Curve 1 4 - Curves i 7 - urves,2&3'
i470 PRINT C- urve- 5-Curves 1 & 3 3- u:i"

!0580 PRINT 3- Curve 3 6 - Curves 2 & 3"

10590 PRINT
10595 INPUT " Enter -- ) :A$
19596 IF AS :'HEN GOTO 1330
.0597 GM = VAL(AS)
19600 IF 6M : ORGM) 8 THENGOTO 10330
10616 RETURN
10611
10612 ' DISPLAY Y AXIS LABELS FOR GRAPHIC ANALYSIS CARTESIAN GRAPH
10613
10M28 LOCATE 6, 3
10632 PRINT ".I81:

10648 LOLATE 11,3
1 vim PRINT ".6"
las5 LOCATE 13.3
1656 PRINT 'PH"
10669 LOCATE 15.3
V679 PRINT . 4".
19840 LOCATE 20,3
10690 PRINT '.2'
107I 6 RTURN
19701 1

Me DISPLAY X AXIS ABELS rOR SERAIC ANALYSIS CATE5IY SRfl l
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1070,3

10710 LOCATE ,.
10711 PRINT "ROE"
10712 LOCATE 25, 14
11720 PRINT "50"
1739 LOCATE 3,23
W0740 PRINT "100i
10756 LOCATE 25, 32
.0760 PRINT "150O
10770 LOCATE 3, 41
1O780 PRINT "'O

10790 LOCATE 23, 51
10809 PRINT "25W
10810 LOCATE 25, 60
10820 PRINT "3000
i0838 LOCATE 25. 70
10840 PRINT "350"
10856 RETURN
10860

10870 ' DAW CARTESIAN 6RAPH FOR PARAMETER ANALYSIS MODULE

1089 L 0

iemo DRAW m8N 35, 18"
109io FOR NM1 TO 179 STE 6
10920 L L+ 1
!0930 IF L = 5 THEN DRAW "5 6 NR -3' :L.= 0 ELSE DRAW "1 6 %-R

:048 NEXT M
FOR =1 TO 60V STEP 15

!P.60 L =L + .

1097a IF L = 5 TIN DRW "R A5 N 6' . L = 70LE DRA "R 15 N 3"
10.80 NEXT !4

'.M';i FOR 179 70 O STE -6
":10L L L.1
lotle. IF L !TIEN DRAW "U 6 NI 10": . ELSE DRAW "J NL 5'
'120 NEXT- M

1103o FOR M 60 TO * STEP -15
"1060 L =L. +

IF L 5'rf N DA W "L 51 6" 0 ELSE DRA I" 5NO 3"
I106a NEXT '
11379 REi7RN
118B88

11090 'DRAW CARTESIAN 6RAPH COR P'ARAMETE.1 ANpYSIS I'n E

I 20 DRAW "BN 35. 10"
11133 FOR M = TO 179 STEP 6
1114d L = L +
I..,s0 IF L -- 6 THEN DRAW "D) 6 NR 9" 0 EL=SE DRAW 'D 6 NR 5"

1:'160 NEXT ,1
FOR M I TO 60 STEP 15

I:180 L L I
11191 IF L 5 THENDRW "R 15 N 61 L =OLSE DRA 'R 15 NU 3'
11200 NEXT M
11210 FOR P :79 7O0 STEP -6

-L + I
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--u) IF L. =6THEN DRAW 'U6 NL9 : L:= ELSEDRAW 'UFNL 5"
; q:'XT M

FGR 4N 60 TO 1 STEP -15
i i26a L =L + I

,:,17• IF L THEN DPAW "L ',5 N 6': L =0 ELSE DRA "L 15 D 3"
2aat NEXT M

I Ira RETURN

a1I,• ' DRAP THEORETICM . CURVES FOR GRAPHIC ANALYSIS MULODUL

::3li IF DDIC = t THEN GOTO 1145
FUR I = PST TO PEND STEP SNO

"134ý DRAW "B•'+VARPTRS(PLOTX (PSTA, 1 ))+', =+VAIPTR$ (PLOY (PSTR, I))

I'1250 FOR PK = I TO 21
ile6 IF PK MW T1EN GOT, 13N

IF I I THNEN CLOR 2

11563 IF. Z -HEN COLOR 14
11379 LINE - (PLOTX (I. 'K+1), PLOTY IU, o+1))

11368 NEXT PK
1 31 IF I = 3 THEN PTR = 10
1140 IF i = 2•-HEN PTR = 1Z5
!4I3 IF I = . THENPTR= 159

1142@ GOSUB 134L0 CONVERT SCREE COORDINATE SYSTEM TO TEXT COORDINATE SYSTI'
114,•1 GCSUB 349@ DiFTPUT RPPIOGTIP6 DXiAF,•E ATICG FOR TiERETICAL CURVES

11440 NEXT I
1145e RETURN
1146Q
1147a ' DRW 91PiRIC.L CI-RVES FOR GRPPHIC PA lYSiS ]DL.E
114M1
1149 IF ilDDEC 0 THEN GTO '.550
1!491 FCR I = "70 PLOTPT
I !501 DRAWJ "SM=--VARr-TR$(PLTIXX(1) +" ='+VARTI$(r'LTYX (.) ' SE- URSOR TO START -.NiJT
11510 DFRW "4J 3 ND 3 NL ,j NR 5" ' DRAW CROSS HAIR TO INDI 'TE E•PIRIc•L POINT
I I:-zi IF I = PL•TPT T'iN GOTO ,,540

"15:10 LINE -(PLTXX(IQI).PLTYX I( ) 1)
11540 NEXT -

11641 

.

1QFIER H SCREEN
11&43
1165 CLS

11661 PRINT
11670 PRINT
11680 PRINT
11690 PRINT
117ft PRINT

11710 PRINT
1170 PRINT
11731 PRINT
11740 PRINT
11758 PRINT
11760 RETURN

11778
11780 ' DISPLAY EWlIRIAL DATA TABLE
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LX- ": •' T.;ST TIME 1N

.FRESIý SCREE?
S:A"GE D = L A T (= 'a THEN ENDL = PLOTPT

.'.603 ":;G: = ND -TTT -:k " ENDL 10

:,e.4 ": =- ;!P-' , ;LO--'T (: : T.hEN .DL : Z
:F :'P6E PLOTa N ) 1ý AND PLCTPT ( 4 ThEN ENDL PLOTPT

!:606 :F XC4 = Z AND PLOTP7 ) 20 THEN ENDL- 20
11807 :F PPGE = AND PLIT" = 28 T'rEN ENDL 10
:1808 A."• = D 'LCTT ) Zi THEN 4EL PLC17T
:.509 u$ W, #•t .#

1620 'Ri, USING 5S: m PAGE #";PAGE;" TAMDE OF EIPlRICAL DlATA POINTS"
11836 PRINT
! I PRINT ' Pint Range Hit Probability'

!185s PRINT # # (I - 40) W (0 - W)'

!Ia•0 PRINT
1290 FOR 3 f.00P TO ENDL

11900 PRINT USING A$;I;4IXPLT(I):ADYPLT(I)#.,I
11910 NEXT I

i1w2 PRINT " "
11930 iF PAGE = AND PLOTP ) 10 THEN PRINT Continue Newt Page'

11940 IF PAGE = 2 W PLOTPT ) .2 ThN PRINT Coriinuec Next Pace'

11958 RETURN
11968
11970 ' IDENTIFY EDITING r-UNCTIDE
11980
,1.990 PRINT

11991 PRINT - ;ace I-c 7 - Retrieve'

12H00 PRINT " 2 - Paue 2 5 - Delete 8 - Store"

12180 PRINT 3 -Paoe 3 6 -. odifv 1 - Qult"

:220 PRINT

128•30 INPUT Enter -- ) :DT

S1TQ I IF EDT I OR EDT ) 9 THEN GOTO 11800
I1.a41 !F EDT i THEN PAGE = SLOOP = : : 30TO 12856
12142 IF ED)T 2 7LEN PPGE = 2 LOOP = ' 0ITO 1205i

I1283 IF EDT 3 TN PA'GE = Z: SLOOP = 2" :G0TO 12056
12850 IF EDT 4 1 0 GOSLB 2100

2651 IF EDT = 5 ,HEN GODSB 1 278
12O52 :F EDT = T6-lEN GOSUB 12420
12M53 :F DT = 7 TIEN GOSLI 12690
12054 IF EDT = 6 ?HEN GOSUB 12B00
1255 IF EDT = 9 THEN GOTO ':260
12056 GOSUB :1881
20057 GOSUB 1:9V0
120w RETURN
12070

12 ' ADD A RECORD CF EIPIRICAL DATA

12108 PLOTPT = -OTPT + :NCREMENT TCTL O ý0INrS

12101 IF PLDTPT ) 30 THEN PLOTPT = 30 :GOTO 1230
12118 I = PLDTPT ' 37T POINTER TO NEXT AVILP2LE GTO.RAGE iC.TION

1212t SCFUNC =' aCLE.R LOOP PROUND F-L6
22138 r1OSB !61 fLUINE T4hr, R4NGE I H•I PROBABILITv COORDINATE

12220 RETURN
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12259 ' DELETE A RECORD SW IP:•C4 :ATA
12260
122780 MO'B 118al
1227! PRINT
12288 PRINT Enter :'rt ';;,m'er -o Be Deletea"
12281 PRINT
12282 INPUT Or Erer (e-r) To Guit --) "tA
12283 F A$ = THEN 60TO !2380
12284 DELNO = VA(A4)
!22SO . DELND ER OF-.NO ' P r7T7EN 3OTD 21,10
12je .; = 0

131S FOR 1 = I TO PLOTPT
12M ~ IF != DaA~ELN BGOTO :2360
123303 KK + '
12340 ADXPLT(K) = ADXPL.T(I)
12m5 ADYPLT(K) = ADYPLT!I)

12370 PUI"IPT = PLOTIPT - 1
12371 GOSUB 1252 ' SORT WNE AND HIT PROBABILITY IN ASCDNDIN6 ORDER
12372 M0SRB3 1260' CNVERT RANSE AND HIT PROBABILITY TO SCREN COORDINATE
12380 RETURN
1239
124m ' MODIFY A RECORD OF EHPIRICAL DATA
12410
124,09 GOSJB 11861
12421 PRINT
12433 INPUT Enter Poi int 4umber To Modify --v - I
12431 IF ' ( ' 2R D")LT•T THEN GOTO 12420
12432 MOUB 1165 ' REFRESH SCREEN
12441 0"= *.

'D43 PRINT USINP P$G #"-:PAGE:" T13LE OF ENPIRICAL DATA 4OINTS"
!2444 PRINT
124405 PRINT Point ;ance *iit ;,oaol PItv
12446 PRINT n # k: - '• .) 0 -

12447 PRINT -

12448 PRINT USING A$!I:ADXPL'(I):ADYP.T(I,*.I
12449 PRINT
12450 PRINT
126451 PRINT
12452 PRINT
12453 PRINT " Enter ".oaification Ootion
12454 PRINT I"I.
12455 PRINT I Rance ....................... I
12456 PRINT I Hit Probability ........... 2
12457 PRINT I Range I Hit Promability 3 1.

12458 PRINT I Quit ................... 4 I

12459 PRINT _ I"
,246a PRINT
12461 INUT Enter -- ) ':SC;D
12462 IF SCID = I TIEN SCNC = I : GOSUB 136N SO6TO 12466
12463 IF SCID = 2 THEN SIDLiNC 0 : 6S 1370 :60,0 12466
1246.4 F SCID 3 THEN S[F C 0 : 8 GO'B 13690: 0TO 12466
12465 IF SC•D 4 THEN GOTO 24i7
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12466 07TO 12432
12467 RETURN
12511 1

1•512 ' SORT EMPIRICAL DATA IN ASCENDING ORDER FOR "AG[- -i4E

12513
12528 K cl
12539 FOR IP I TO PLOTPT-l

12540 K K + 1
12550 FOR J = K TO PLOTPT

168 IF AXPLT(IP) A(,DXPL7T(J -E5J 3TO :E5T,

12561 DUlY - ADXPLT I1)

12562 DUIYYI u YPL(J)
I153 ADXPLT(J) a ADXPLT(IP)
12564 DYPVLT(J) r ADYPLT(IP)

12565 ADXPLT(IP) = DUmMY

12566 ADYPLT(IP) = IUMKYI
2570 NEXT J

12_88 NEXT IP
12590 RETURN
12591
12592 ' CONVERT ENIRICPL DATA TO CARTESIAN POINT SYSTEM

12593
12600 FOR IP I TO ROlPT

12610 IF TS'TN (= 2 T1DO PLTXl(IP) 25 + INT((ADXPLT(IP)/2) * 3)

126r--$ iF TGTr•i 2 7rEN I JTXX6) = 35 t iNTiADXPLT(IP),2) * 3i

:2632 PLTYX(IP) = !NTI(18 - 179 , (ADYPLT(IP)/1U))) + 179
12648 NEXT IP

12658 RETURN
12664
.678 , EXTRACTS EMPIRICl. DATA FROM rILE

12680
12694 IF TGTN"O (= 2 THEN GPEN "I"1, O1".SL cE.. ..." FILE -'R E A -I2U',E R~RTS

'2700 iF 2"•TO ) 2 THEN OPEN "I', 1. "POC!NTS.Tq" OPENS FIE F*RR T74 -la NT & SE -4RGES

.2710 INPUT #1.PLOTPT N , C- 'NTS '0 EXTRAC,

:272n FOR 1 = I 'O PLOTPT

12738 INPUT #I,ADXPLT(I),ADYFU:I) EXRACT POINTS FROM F:LE

12740 SEXT I

12759 CLOSE

12751 GOSUB 12•,2 'SORT POINTS IN ASCENDING RDER

:2752 GOSUB i26N ' CNVERT POINTS TO CARTEIAN PO:NT SYSTEM

:2760 RETUR'
12770
12788 STORES EMPIRICAL DATA INTO FILE

12790
12808 IF 7GTNO (z 2 TiEN OP~EN "0".#1, `,OINTS. SILO
12810 IF TIGTNO 2 TH OPEN 'O.01. "POiNTS.TNK"

1IWO WRITE #I.PLOTPT ' 'NUMBER O POINTS "0 SAVED

12038 FOR I = I TC PLOTPT

12840 WRITE VI.ADXPLT(1),ADYPLT(1) ' DOINTS SAVED

12850 NEXT I

12868 CLOSE:
12878 RETURN
129888
12890 ' DIlAY HIT PROBBILITY BY RNE TQBLE !OR "ANK TARGETS

12988
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1191 GOSUB 1165 REFRESH SCREEN
Im PRINT HIT PROBADILITY BY INGE AND ;11M ERRR'"
1293 PRINT "
1290 4 A 9\

129r.0 BS
I12%0 C$ = 4\\itl t.• • #"
[2970 CS: =f.Ii.N1)0 5 = \ \IIl.l we . # so, ##"

12988 PRINT USING B$:" Theore' cal Curves 1 2 3
12990 PRINT USINS D$;' Aim Error (mils) ';SIGI1():SIG•I(2):5I'AI(3)
Iwo PRINT'
13010 PRINT USING D$;' Hit Protaowlitv'
2`020 PRINT USING BS0: Ranoe (meters) % % %
13Q30 PRINT USING CS;*' 58l ';AT(I.25)sAWT(2.25):DRTC3.25)
134 PRINT ING C1.2 1888 ';IJ)T(1.5 ):DfT(2.5e))OI)(3.58)
13850 PRINT UISING C$.: 150 *;DAT(1, 75) ;DAT(2. 75) :DAT(3. 75)

PRINT USING C$:' 2w1 DA":T(1. 18W) :BAT(2. 1 9):DAT (3. 10)
13878 PRINT U S ING) -$;' *;DAT(i.12):DA7(r12.!);D4T(3.:X5)
13M80 PRINT USING C$:" 3w ":DAT(1,150);DAT(2.15 l -:DAT(3,151)
13809 PRINT USING CS-' 3510 ";DAT(I. 15) ;IDAT(2 i 75;DAT (3,175)
13180 PRINT USING C$-' 4M ';DA1T(1,20):DAT(.,28)t;DAT(3.28)
23112 PRINT '
13113 PRINT Select Theoretical Curve(s) To Disolay"
13124 PRINT n
13128 PRINT "I -Curve 1 4 - Curves i 2 7 - Curves 1, 2 34

13i3a PRINT . Z..... - I rIv , A - ._t,
3140 PR!.NT 3 - Curve 3 6 - Curves 3@
;315@ PRIN1T
1346 INJ * Enter
.3162 IF 'HE GOTO 12"910

GN V AL (AS)
:3170 iF iM ( I OR 614 ) 8 THN OTO 12910
13189 RE'.tRN
13198

1320 ' DISPLAY X AXS LUEBE.S rOR 'O( ARGERT ,'(AXIMLN RANGES

13228 LOCA ,TE 25.
13221 PRINT "RGE"
,32Z CCATE 21, 23
132w3 PRINT "W
[3240 LOCA1TE :!, 22'
132!0 P!RINT "I0"-
3!266 LOCATE 4. 31

13270 PRINT "1580"_
13288 LOCATE Z.5, a

13290 PRINT "Me9"
13300 LOCAT1 25. -50
13310 PRINT "2590"
13320 LOCATE 25, 59
13330 PRINT 8W"
13340 LOCATE 2.. 69
13350 PRINT "15W,
13368 RETURN
13370
13330 ' COMNERT GPICS SCREEN COORDINATE SYSTEM INTO TEXT CORIOTE SYSTEM
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COL a INT(.1244 * PLOTX(I.PTR) + 3.336)

; 3' ROW= INT(.1166 *PLLY(I.PTR) + 2.1)
".3-4Ea IF ROW )z 3 AND ROW (= 6 THEN RW L ROW + 1

:3-43a IF ROW 7 AND ROW (a 9 THRENOW L ROW - 2
IF ROW ) 0 AND RO (a 24 HN ROW - ROW - 1

RETIUR

'3470 ' DISPLAY SUPPORTING DOCUMENTATION FOR GRAPHIC ANALYSIS M•DLLE
:2460
:34R0 DA '•'YVARPTR$(PLCTX (IPTR) )+', =+VARPTRS(PLOTY (I, PTR))

;35@0 IF PLOTYII.PTR) ( -N DRAW "D B R 8 BR 3" ELSE DRAW 'U 8 R 8 BR3"
!351 LOCATE ,ROW,COL
* 1I1 IF I I AND G n ' THEN PRINT 'CURVE I' LOCATE 1,33 : PRINT USING "CURVE I - #I.## ki";SISKl :

"13512 IF I 2 AND GM = 2 T H PRINT "CURVE 2' : LOCATE 1,33 : PRINT USING "CURVE 2 a #I.## m Is":SINq1I 'E

1513 ;I I 3 AND GM - 3 TIEN PRINT 'CURVE 3' LOCATE 1,33 PRINT LSING 'CRVE 3 = 41.0 ilis';SISMAIt3)
-M4 iF I I AND bM - 4 7HEN PRINT *CURVE I' LOCATE 1.20 : PRINT USING "CUJRVE = W. m .Is';SIGNI (1)
'•iý ic ,7 AND GM = 4 TEN PRINT "CUME 2' L.OCATE 1,45 : PRINT USIl% 'CURVE 2 = *,44 i1s'":SIGMA;, ý

13516 IF I 1 PIOD GM = 5 .HEN PRINT 'CURNE 1" LOCATE !,20 PRINT USING "CURVE 0 1 #I.0 mii$":GIGM(C1)
13517 IF I 3 AND GN = 5 THEN PRINT "CURVE 3' LOCATE 1,45 PRINT USING 'CURVE 3 =#. W mi !s';SIGMA i(3)

13l518 iF I = 2 AND GM = 6 THEN PRINT "CURVE 2' LOCATE 'a.•20 PRINT USING "CURVE 2 #1. 1 u m Is"-;SIGMAI(2)

135! 1IF I = 3 4N GM = 6 THEN PRINT 'CURVE 3' LOCATE 1,45 PRINT USING 'CURVE 3 = ##.## mils';SIGl (3)
z3!0 AND GM = 7 .'HEN PRINT "CURVE 1' LOCATE 1.8 PRINT USING "CURVE I $ I.# lis':SIGPA(')

'353 IF I = 2 AND GM = 7 THEN PRINT a'CUR'V ' 2 LOCATE -,33 PRINT USING 'CURVE - =4.4 ix:s":Sil(U)
13540 :F I - 3 AND GM = 7 THENO PRINT "CLRVE 3' LOCATE 1,58 PRINT USING "CURVE 3 =l ., 1s":SfMA1(3)

13560

;3570 , DFI'NF EPIRICAL YJ•A LSING E • JTER ZNCT:OD

:3590139'0 = 0

13591 SUNC = 2
.3606 GOS9B 1 1650 'ZF;ESH SCREEN

..602 PRINT
: 7619 ;-QINT -

:,EEO PRINT * I'

-- : a3 IF TG -N i= 'HEN PRI 4T 'Enter -irget Ranoe 11 - 4N m
13648 :T 1GT,. 2 THEN PRINT Entpr Tarcet Rarae (I - 40 m) I"

.1,59 PRINT
1266� DRINT Or Enter (cr) To Quit
.367a PRINT
23660 PRINT
:369 INPUbT Enter -) ';AS

13708 iF A$ = " D I -HEN PLOTPT = 0: GOTO 13870
13701 IF4 ' ND : 16TINMPT =: SOTC :3850

13702 :F SC:F"C z 2 THEN I + 1
13703 IF I ) Z, -4 PLOTPT = 7-9 : 5O :3850

13710 ADXPLT(I) VAL AS)
13720 IF TTND (:2 'HEN :F ADXPLI(I) OIR ADXPLT)II ) 4N THEN 00T 136I-
.3730 IF 7TTO ) 2 THEN IF ADXPLT(:) ( OR ADXPLT(I )4 00 .HEN GOTO 136g9

137/4 IF SCFUNC 1 TEN GOTO 13850
S3758 GOSUB 11650 REFRESH SCRELN
17 PRINT "
13770 PRINT "

13780 PRINT " Enter 4,;t Probabilitv (6 - 1) I'

13790 PRINT "

13808 PRINT



Enter -) PA1YPLT(!)
.5&0 ADYtLT(I) ADYPLT(I)t*1
.. ;:, ; ADY MT(I) (1 OR ,IYPLT(I) 1l THEN SOTO 13750

"iF SCFUNC ( 2 THEN MTO 13858
GOTO "361l3
's 1.• Z 'SORT POINTS BY X COORDINATE IN IACENDING ORDER
SOSUB 12600 'CONVERT POINTS TO CARTESIAN POINT SYSTEN

L RE-1hRN

;=E ;DLT.'TY WHEIAR TO I,'CL'JE CR EXC.LXDE FPIRICAL DATA FROM PLOT

152a IF ADDEC a I ThE4 ADIIC - 0 STSMES "EXCLJJED : SOTO 15171 ' EXCLUID ElMIRICAL DATA FRON PLOT
:5 ."a IF ADDEC 0 `4 ADDEC - 1: STSEC$ a "INCLUD" ' INCLDE EMIlRICAL DATA FROM PLOT
1517 R
15172
!5173 ' IDENTIFY 4ETNHER TO INCLUDE OR EXODE T7HEORETICAL DATA FROM PLOT
15174
15175 IF ADDTC a I THEN ADDTC - 0 STSTCS - "EX IDED : SOTO 15177 ' EXCLUIDE THEOREICAL DATA FOM PWOT
15176 IF ADDTC a THEN ADDTC = I STSTE$ = 'INCLUDED' ' INCLUDE THEORTICAL DATA FROM PLOT
15177 RE1UR
15181
15182 ' DISPR.Y 6RAPHIC ANALYSIS MODLLE THEORETICALEMPIRICA. SRAS
15183
1519 US

15236 IF 1TSTD 2 THEN GOSUB 10719 OUTPUT X LABES (RANGE OF E OR F SILD(E'TE TARGETS) FOR GRAPH
i5240 :F TGTNO ) 2 THEN GOSUB 13?. OUTPT X LA.VLS (RANG OF TA•Wd T6TS) FOR GRAPH

4 GOSUB 1620 OUTPUT Y LABELS (HIT PROBABILITY VALUES) FOR GRAPH
'526 GOSUB 11110 OUTPUT GRAPH
15261 GOSUB 1149 DRAW DIIPRIC;L TINTS PAD LINES
15278 GORB 11338 DRAW 'hE0RETOCAL LINES TO GRAPH
15271 COLOR 15
.!280 S= I MEN$ : IF A$2 GOTO 15280
159 RETLIN

! 556 DEFINE AIN ERROR FOR EACH THEORETICAL i FOR S•RrAHIC ANALYSIS MODULE
15757
:5581 IF TGTNO THENO )Z 24=2 e: .D= 04%: '7E; =20
15,81 IF TITNO, 2 THL :S7A= ::N•=) 40: ;STtP 23
1501 MM• = 0

15682 1F GORIND i 4N GO'O :56h0
15683 30SUB 17-V
1568 IF TAE:D )= (Z THN OCT3 `7U
1564 SORT :1659 ' gS SCREN

'5606 PRINT
.5609 IF" PM I THEN CRINT USING B;: I Current Aim Error For Ist Curve ":S!6MAI'PM);" mils
15 1i IF PM = 2 NT9 PRANT USING B9:W Current Aim Error For 2N1 Curve ":SIGMAitf): ails :"
15!1 IF PM = 3 TlEN PRINT USING .61:' Current Aim Error For 3rd Curve ":SIGil(PMh; l I'

1512 PRINT ""
15613 PRINT " Enter (cr) To Keeo Current Value I
15614 PRINT •
:5615 PRINT " Or Enter New Aim Error (On ails)
'5616 :DR!T_9
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Enter,-) "S

-_ . .. .--. m

' : { ---':'=-.'.''. -. - P_ -. . ERROR AND RANGE

2:E',D 5ETE :E

5671 3S.B•,"' ' ESTABLISH -I- PRGBABILITY

156H DAT (PM.!JUN) 2 •ROB
:5698 CT X iPN, NUM.) z 1-5 1H ' fM 3

"5790 ;),C'vPM.NL;,) -- - :75, :v ",; 'M,40L01• 179

15730 E "id N

15758 DETERMINE 1,ANNER IN WHICH 4 AIN ERROR IS TO BE COMPUTED
l•57

I577 0GOSUB '16 'REFRESH SCREEN

15772 PRINT "
15T73 PRINT I"
;76i I "eiect Error Estimation uDi ion

I5782 DRINT I•
!57W PRINT Enter -otal Aim Error ................

;806 )INT :StI mate .t'rtr -'9 ' ,.)rxnents ..... 2
:!801 ;MI.NT Retrieve Pror Estirmate ............. 3
1 2 R;INT " kuIt ................................. :

PRINTr- --- --
1,1507 :+,+T ' '•
I~l): IdT Enter" ...-- (E2

:•28 IF TAEID OR TAEID 4 T-B CODO .._7
583a IF TAEID : : OR -!D 7rFTN GCTC '5950

IC631! :F TAEII) E- HEN 30TO '58*-

'2 • SOSUB 7..23 ' ETRI-_VE ,IMiNG -I1PON(ENT -STIfATE IIA•A
:535 GOTO it93 'DEVEL:P TOTAL ;74 E;ROR

!5841 "A 2 0 'NITILkZE "OL)NTER

.5660 GOSUB 16a3a -'g"Y A,4G Cr7----ENT VARE 4et 0D N-AME ','*MNT

'5879 :F cmWIV 1 71E. -:'1CCRtk - GQO. '.59-1
158GSUB 1 a IEFRESH SCREEN

15881 AS--\\ \"

1588 DR1IN- -- - -- - - - - -
15W.2 PRINT
I58m PRINT JSI%G A$O I .6-cnent Nanu :LN4%I(5P", K):

ImPRINT I

15986 PRINT *I Enter Value (in mils) I

15W87 ýRINT I
15M0 PRINT
1590U: Enter -- ) ';CVAUiEtPW :K)

15920 GOB 15 86
1593i Ic F TCTR(PK1 0 :;OTC1*5*79 ESTIMATE DIAT. W;6N' ' MATED

".7~3 1 O1 B 17--20 COMPUTE TOTAL EST:MATED A14 ERROR
15U]up :554 CISI)Y AIMINE ERRCRR ZNOTNT STATUS "U

1568,7PRINT



15941 -OSJB 165- ' DISPLýY Mf1U FUNCT!INS
91551 RETURN
16M I

1601e ' DISPLAY AIMINO ýMAnT • .I'iu
16021
16838 BOSUB :i6510 REFKEZ4 S'E,

16031 4 = \##\ V)

16032 PRINT
16033 PRINT

16840 PRINT J- ' ' Co •oonert Is

16841 PRINT I.

1642 PRINT JS:,NG 14$' IEnvervi, CuDconenh; ";IK+tI;"

16952 PRINT
16869 PRINT Weaoon/ound Disoersion ...... 1 II

16870 PRINT I Firing Position .............. 2 1
16988 PRINT Trigger acntro .............. 3 1
16090 PRINT I Breath Controi ............... 4 4 '

16108 PR INT" I Physical Conoition .......... 5 5

16118 PRINT I Stress ...................... 6 &

16128 PRINT I SuoresSIve Fire ............. 7 1

16138 PRINT I Tarnet Ranne ............... B I"

16ii PRINT " Target Soeed ................. 9 "

16150 PRINT I Target Size .................. 10 "

16168 PRINT I Target Ewoosure Time ......... ii I

16178 PRINT I User Def 4e• e cawonent (s) .... 12 "

16171 PRINT I Ouit.................... :3 I"

16188 PRINT * "

1i611 PRINT

:61 INPUT Enter -- :C.PID

! 628 IF CNPID (I OR MPID , 13 THEN GOTO 16030

162'8
1628 'SET COMPONENT NAME
16M
16231 IF OPID = 13 TIEN 3TO 1651@
1622 IK = 1K + 1
162,3 IF IK ) 3 THEN GITO 16O3
16240 IF CKPID = I THEN CNRE$(PA. IK) = "Weaoon/Round ^isoersion"

1629 IF NPID = 2 TIEN CNAE$(W. IK) = 'c€-ino Posi:Con

1626I IF CMIPD = 3 THEN CNP($(PM, IK) = "Trigger Control

16271 IF W!PD = 4 TIfN CA.$(FM, hiO x 'Breath Controi
1K-80 IF 0PID = 5 THEN CNWSEI(PM',1K) = "Physical CondtZon

16299 IF OPID = 6 THIEN CNDIMI(PK, h,) = "Stress
is3 IF CPID = 7 Th•E CND E$( IP, K) = "Suzoressive Fire

1631 IF CMPID = 8 TiN CNE$(PN, IK) = 'Tarcet Range

16KI IF -- PID = 9 THEN CR•E$(PM, I K) = "Target Soeeo

16339 IF CMPID = 10 T•EN NE*W(P, 10K) = 'Taroet Size

16348 IF CPID = 11 THEN CNWE$(W, IK) = 'Target Exposure Time

16345 IF CWID <= 11 THEN SOTO 16510
16346
16347 ' SET C[MPONENT NAICS PSSOCIATED VALUE

16240
1&358 GOSJB 11650 ' REFRES SREEN

16351 PRINT *_ _ __-

16352 PRINT' I In

16368 PRINT I User Defined Co•nooent I"
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16361 PRINT "

16362 PRINT " I EntEr Coirart Va~ie .U'o 22 L'.r;cers) :
16370 PRINT "_____
16371 PRINT '
16380 INPUT "Ere:-- ",E ',',;

16390 V = LEN(CNAME$(PM.IK))
1640S IF V 23 OR V = 0 THEN 651 1.635 ' E0R -k4:.'
16410 IF V 2Z THEN GOTO 1643.0
:642.8 ]GTO 16510
16430 Vi = 23- V
16459 AE$ (PM, IK) = CNAS(PM, IK) +BLANK$ v))
16510 RETURN

!652s
16538 ' DISPLAY C010POENT AININS ERROR STATUS .IU
16544

16550 PAGE = I : SLOOP = I ' FIRST TIE IN
I •1 SUB 11652 'RFRESH SCREEN

16552 IF PAGE I AND TFACTOR(PN) (z 18 THEN EDL = TFrA, R(PM)
16553 IF PA6E z I AND TFACTOR(PM) ) 10 TIEN ENDL = 10
10554 IF PAGE --2 AND TFAiCTOR(PM) (z 10 THEN EDL laI

'6I _MIF PAGE 2 PAD lACTORR(PM) 410 AND TFACTMR(PM) (z 20 TVEN ENDL TFACTDR(Pf1)
!6556 IF PAGE 2 AND TFACTCR(PM) ) 28 THS ENDL = 20
16557 IF PAGE AN3 D 7FCTOR(PM) (m 20 THEN ENDL = 26
16558 IF PAGE = 3 AND TFACTOR(PM) ) 20 TEN -WL = TFACTOR(PA)
: g559 = C\ \\'

6560 PRINT USING . PAGE # ":PE:" TOTAL ESTIMATE AIM ERROR'
160570 PRINT I I

AS = " #.uP"
.6:1-0 Bs =" #,\ #. "

.659@ PRINT " PONENT C0,'4PN.Cff MPONENT'
PRINT " . NAME VALLE

:66:8 PRINT "_--'
:6620 FOR J = SLCOP TO ENDL
1630 PRINT USING 3:J :C, $ (PM, J) ' .UE(PM,.)

16640 NEXT J
!6641 PRINT
:6642 IF PAGE 1 1 AND TFACTOR(PM) ) 16 'HEN PRINT Contiruec "ext Gage :OTO 1664I

66,43 IF PAGE 2 AN D FACTOR(PC) ) £8 Th•EN PRINT Conrinueo le'x Pace` :SOTO '664

16646 IF GTYPE 2 2 THEN PRINT USING AS" Tovai Errr orSV5$W1 (PM)
16647 IF 5TYPE I TIEN PRINT ;,NG AWS: Totai Error ;':I5(A
16648 PRINr

16649 RETURN
16650
16651 ' DISLAY MENU FUNCTIO4 ID :4FORMTION
16652
16653 PRINT " I - Pace 1 4 - A• 7 - Retrieve'

16654 PRINT • 2 - Page 2 5 - Delete 8 - Store"

16657 PRINT 0 3 - Pace 3 6 - Modify 9 - Quit'

16668 PRINT '
16661 INPUT . Enter -) ";.SNUID

16662 IF ,AUID = . THEN PAGE : SLOOP = I : TD 16732
16663 IF MENID = 2 TIEN PAE 22: SLOOP = 11: GOTO !6738
IG664 IF MENUID = 3 THEN PAGE 3: SLOOP 21 GOTO 16730
16678 IF ,ENUID = 4 THEN GOSUB 1686( : GOSLB 17321
:6630 iF MENUID = 5 THEN GOSUB 17030 : GOSUB 17320
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16690 IF •EUID = 6 THEN GOSUb 17180 : MSB 17320
16709 IF MEID = 7 THEN GOSUIB 17423 GOSUB 17320
16710 IF iJNUID = 8 lTEN GOSUD 178M
16706 IF MENUID = 9 THEN GOTO 16740
16730 GOSUB 16551
16731 GOSUB 16653
16748 RETUR
16838
16848 'ADD A C0MONENT RECORD

16858
16868 T7FID = 0
16878 IK = TFACTOR(PM)
16888 GSUB 1603 'DISPLAY AINING M40!MENT .*E .ENU
168% IF CIPID = 13 THEN 6OTO 1699%
169N IF TCF• : I THEN G070 16990
16910 IF TCLikC 2 THEN 60TO 16935
1692 TFACTOR(PP) = TFACTOR (PM) + 1
16935 GOSUB 11658 ' REFRESH SCR
16936 A$ 2 1\ \1\ \"

16937 PRINT •_"
16938 PRINT " I I"
16941 PRINT USINO A$; I Cosove nt Name ";CNAE$(PN,IK);" is

16942 PRINT I I"
16343 PRINT I Enter Value (in oils)
16945 PRINT I ___

16946 PRINT
16959 INPUT • Enter --) ;CV.UE(PO, IK)
16990 RE-TURN
17800
17310 DELETE A COMPOif Nt ,qCRD
17028
17831 GOSUB 16551
17080 PRINT ' Enter Commooent Nunoer To Be Deletei"
17041 PRINT "
17842 INPUT ' Or Enter (cr) To Quit -) ';A$
17043 IF AS = THEN 6OTO 17140
17946 DELNO z VAL(AS)
17645 IF IDELNO (I OR DELNO ) TFACTOR(PM) ,hEN GOTO 1703M
1790 K = 0

7070 FOR I I TO T'RCTOR(Pg)
17088 IF I =DELNO THBE GOTO '712V
179 K = K + I
17100 DMEIV$(PM,K) = DOEWM .I)
17110 CVALUE(PM,K) = CVYUE(PP.I)
1712n NEXT I
17121 CWE$ (P9,TFACTDR(P1)) a
17122 CVALLE(P•,TFACTOR(P)) x 0
17130 TFACTOR(PH) = TFACTOR(IP) - I
17140 RETURN
17152
17166 ' MODIF1 A CMPONNENT RECORD (OPPE OR VALUE OR BOTH)
17170
17180 6OSUB 16551
17191 INPUT " Enter Commonent &Number To Be Modif ied -- ) ;IK
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i1.91 iF IK ( I OR IK ) TFACTOR(PM) T1E GOTO 17180

-1! 'p, "GOSL 11650
•,=B$ # \1'# t

17.7 PRINT * COMPONENT COMPrNENT COWPONETW
I7!?S PRINT " NO. NOE VALLE"
.7"-19 PRINT
172Ct PRINT USING N$;IK;CNANE$(PN, IK):CVALLE(PN,IK)
*72)1 PRINT

712.1a PRINT

172.2 PRINT "
""7 PRINT Enter Modification Option
!7221 PRINT ' I"
75PRINT Name ........................ I

17226 PRINT " Value ....................... 2 i
17227 PRINT 1 Name A Value ................ 3 I'
172i8 PRINT I Quit ........................ 4
17229 PRINT "
17230 PRINT
17231 INPUT Enter -- ) 9;SCID

1724 IFSCID= 1 THN TCFUNC 1 IK IK- I : 6 S 168 : TCFK= : GOTO 172
17250 IF SCID = 2 THEN TCFIIJC = :OSU0B 16935 : OTO 172E

17268 IF SCID = 3 EN TCFUNC 2 IK = IK - I : I 1688: TCR C = 0 : GOTO 1728
17270 IF SCID z 4 THEN 00TO 17288

7271- 60 .7192

17280 RETURN
! 7 2 .

173U@ ' COMPUTE TOTAL ESTIMATED RIM ERROR FOR PRWETER 40 GRAPHIC ANALYSIS MODILES
17319

:732. FOR I = I TO TFACTOR(PM)
173ZA AET : AET , CVLUE(PM, 1)2
1734a NEX7
17350 AET: SR(lET)
!7A60 IF GTYPE = I THEN SIGMA = AET
17370 ;F GTYPE = 2 ,'IEN SIR1AI(PM) :
17389 A-7 C 0
1739 RETURN
17408
17410 ' RETRIEVE CMPONENTI ETIMATE FROM FILE
17420
17422
17403 IF TYPE = THEN OPEN "I".#,'AEMDL.EST" PK : ELSE OPEN "I'.,1,'AEDAM.EST" PK : 3

":7424 FOR J = 1 TO PK
174L-. IF J 0 PM THEN GO[O 17434
:7426 INPUT f1, ACTR(J) NUMBER OF COMPONNTS TO EXTRACT
17427 TrDUWMY(J) = TFACTOR (J) 'SAVE OMUER OF CONPONENTS IN DUMMY FIELD
17428 FOR I = I TO 30 EXTRACT ALL AIM ERROR COMPONENT NAMES AND VALUES PREVIOUSLY DEFINEI
17429 NPUT #I, CDOE$ (J, I) , CVALUE (J. I) EXTRACT COMP(NE' NAME AD VALUES FROM FILE
1743 DNMES(J.I) = CNAME$(j.I) SAVE CNPONENT NAWE IN DLWY FIELD
17431 DVALUE(J, I) = CVALUE(J,I) SAVE CMPONENT VALUE IN MM FIELD
!742 NEXT I 'F7 NEXT PAIR OF CIOM Q5TS
17433 60TO 17438 SKIP
17434 INPUT 41I, MKY(J) , 'MJSAE OF CDCMTS TO EXTRACT
174L5 FOR I = I TO 30 EXTRCT AL DUMY AIM ERROR COMPONENT NWES AND VAUES
17436 INPUT I `f$(J,I).DVALUEtJ. ', EXTRACT COONET k AND VALUES FROM FILE
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174-7 ,EXT - ' IGET NEST PAIR OF D)UHO~v COMPONENTS
17438 NEXT J
17439 CLOSE 1
1744@ RE`JRN
17441
17442 * STORES CCMPONENT ESTIMATS INTO FILE
17443
17808 IF 3TYPE 2 TEN OPEN 0"#I,"EDAM.EST" : PK = 3
17810 IF GTYPE = I THEN OPEN "I"'.#1, ".AEL.EST" PK = i
17811 FOR J = I TO PK
:7BI2 IF J 0 PM THEN GOTO 47850
1782a WRITE #1, TFAT7R(J) ' NUMBER OF COVIONENTS TO SAVED
:T83 FOR I = I TO0
17846 WRITE #1, CNANES (J, 1),1 CALUE (. 1) ' COPONENT NAME AND VILLES SAVED
17858 NEXT I
17851 SOTO 17859
17855 WRITE #1, TDUMMY(J) ' !tIER OF COfWONENTS TO SAVED
17854 FOR I = I TO -A
17857 WRITE #1,DNXME$(J,I),DVALUE(J,I) ' COMPONENT NAME VALULS SAVED
17858 NEXT I
17859 NEXT J
17868 CLOSE 1
17876 RETURN
179M
17916 'SPECIFY THEIOETICAL CURVE FUNCTIONS
17~32•

.799350 GOSUB 11650 'REFRESH SCREEN

17931 As = \
17932 B$ = \•.#f\ \

17933 C$ = l\ v
17934 D$ =
17935 Es =
17936 F$ = "\ .
17937 Gs =
17938 H$ =
17934 PRINT •

17959 PRINT •
179N PRINT I Define Battlefield Situation
17965 PRINT GING ASW" I Projectile Tyoe .......... ;RD$:" .. ..... I I"
17966 PRINT USING B$: I X Aim Point Adjustment ... ';CJX:" a .... 2 1"
17967 PRINT USING 8$," 1 Y Aim Point Adjustment ... ";CJY;' m .... 3 I1
17970 PRINT USING CS:" I Battlesiaht Rance ........ ;RB:M v .... 4 I"
1798@ PRINT USING 0D$" I Crossdrift .... ;VW;"m/s...... 5 1"
1799@ PRINT USING ES:' I Taroet Tyoe ... ";TTYPE$$ ....... 6 IN

18.0 PRINT USING FS; I Target Heiant .......... D;B;l m ....... 7 I"
18816 PRINT USING 65:" 1 Target Soed ..... *.VR;o ras ........ 8 IN
18826 PRINT 1 Define Ain Error I
is3" PRINT USING H$:" I Curve I .. SI6M1(1); mils ............. 9 i"
18#46 PRINT USINS H$;" I Curve 2....l;SI.A(2); mis............ 1 I"
18056 PRINT USING H$:" I Curve 3.. ;SI6I(3):' mils ............ 11 I"
18852 PRINT "I Store Curve Paraceters .................... 12 IN
18853 PRINT I Retrieve Curve Parameters ................. 13 I"
186V PRINT I Guit ...................................... 14 I 1I
18070 PRINT t_
18484 PRINT
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16090 :.NP'UT Enter -- ) ":K
18108 TF .mr OR '4 !4 .,iK. . '-' 7"2 "
18110 7F KM 7:r.N EN.•M - ' DEFINE PROJECTILE TYPE
18121 W .•M 2 THEN -ISO .- ' DEINE X AIM POINT ADJUSTMENTS
8125, 3 ThEN G3E - DEFINE Y AIM POINT ADJUSTMKSTS

18130 *F -. - ,:.NE'S. 780 SEFINE BAiMLESIGT RANGE

18140 :F KM = 5 THEN 3OSuB 940 DEFINE CROSSDRIFT
i819 .7F KN :6 -SEN 35iD.' :00 juEP 1 3 DEFINE TARGET TYPE
18160 F -?'Y = 7 THEN 3DSUB :2ra DEFINE TARGET HEIGHT

18170 'F KI = T.'iN M0SU !fA8 DO::NE TARGET SPEED
18190 IF KM = 9 -HEN SERND = c) : : = ": 3G-9 15580 DEFINE AIm ERROR FOR CURVE I
18208 . .. c. Z " .'L-. INE AIM ERROR FOR CURVE 2
18210 IF AM u iI THEN GRND = ?. : ; .. = 3 : 3 B I M DEINE AIM ERROR FOR CURVE 3
18212 iF KM = 12 THEN GSUB :889 STORE BATMLFIELD SITUATION
18213 .F KM = 13 THEN iDSLB S 87:0 ' RETRIEVE BAT2L.FIE.D SITUATION

18220- IF 0M = 14 THEN STO :8240 QUIT THEORETICAL CURVE DEFINITON MEN
1622i 3G• :7GT 30 ' REDO THEORETIICAL CURVE DEFINITICN MENU
1822-2
18223 ' COMPU7E ALL THECRETICAL CURVE DATA T:N7S AND PLOT CURVES

19231 IF ADDTC z 0 T`N GOTO 18236
18232 GORND I
18233 FOR PM I TO 3
18234 GOSUB 1558N
18235 NEXT PM
!P236 -SLI-B 15190
18W37 GORND L)
18240 RETURN
18250 1

18260 ' DISPLAY E-APIRICAL DTA Y'*T0ON MENU
18270
18280 GOSUB 11650 REFRESH SCREEN
!8290 PRINT

18309 PRINT '
16310 PRINT " Define 7,3o•':cal Data

I8320 PRINT ' - En:er ...................... I
18330 PRINT - ýetrieve ................... 2 °
18360 PRINT I Store ............................ 31
"18370 PRINT ' uuit ............................. 4 4

18388 PRINT
16390 PRINT
18400 INPUT ' Enter -- ) ';K.
18410 1IF M 1 , OR KM 4 THEN GOTO 18280

!8420 IF Q• = : T4EN MS8 13590 GOSUD !:.80 SOSL: . !1990 ECURVE$ = " Defined NTE.R 2£iP!RICk DATA
18430 IF KM 2 THEN GOSUB 12690 30SUB :18N8 GOSUB 11990 ECURVE$ = D Defined ' RETRiEVE ADDITION PLOT POINTS
18455 IF KM = 3 'HEN GOSB 28900 SAVE ;DIT:DNA. PLOT IONTS
18470 IF KM 4 THEN GOTO 18490 ' RETURN TO TH1EORETICAL FJNCTI' DATA

18480 GOTO :8288
18490 RETURN
18504 9

18510 ' DEVELOPMENT OF 'HEREU'ICAL HIT PROBABI-ITY CURVE NTA
18520
18560 TMhGM ' SAVE ID IF CURVES TO BE PLMTED
18561 IF TGTN = 2 HEN GOSUB 10330 ' OUTPUT HIT PROBABILITY TAELE BY RANGE 9OR E OR F SILOE7TE TGT
18U70 IF TGTO ) 2 7HEN GOSUB 12910 ' OUTPUT HIT PRCBABILITY BY RRN6E FOR TANK T7RGET7S
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I E-71IF GM = 8 THEN GM - TI
Issas SNO r I

18590 IF1 G = I THEN PSTA m I: PEQi) = ' V T =,LmRVE4: 'Surve,,s) : mT ST -rEORETIC•. CRVE
18600 IF GM = 2 TdEN PSTA r 2: PEND = TCURVE$ = :,v~s) :LO -N TiEORET:CAL CURVE
1861@ IF GN = 3 THEN PSTA = 3 D -E.Q. = 1 .' CL:RV7; = Zvrve:,-' 7 7_2 mR T•FrCA', L "RVE

IB6,.• !~~F GM = 4 '.10N PSTA c PEND -. -C TRES z ' .rve is, :. L' E D.-E.E.•L•V

185620 =r aL & %R ND 7rEGRE7T:AL CURVE
18636 IF GN = 5 TIEN T1-- : PEND = 3 :SNO = r: "CURVEi = "ve•_ .. 3' ,T ST 7 3RD THEORETICAL MRVE
16646 IF EN = 6 THEN PSTA : PEND = 3:TCURVE$ = &-.rveis; L Z P'•T &ND & 3RD THEORE-:CAL -CURVE
18550 IF CA = 7 THEN PSTA = I P '-ND = 3: TCURVE$ " "Crve~s, . :'T ALL t T5AEORETICR. CJRYES

18660 RETURN
18708
1871 ' RETRIEVE BATrLFIELD SITUA7TON DATA
18702

18711 OPEN 'III,'BATCOND.DAT'" OPENS FILE FOR DEFNED BA.1-2,FIELD SITUATION
18728 INPMF w1. •D, PJ EXTRACT PROJECTILE TYPE & PROJECTILE 1D CODE
1873@ INPUT #1. CjX, 0jY EXTRACT X & Y AIM DOINT •DJUSThENTS
18740 INPUT #h.RB EXTRACT BATTLESIGHT RANGE
18759 INPUT #1IVW EXTRACT CROSSMRIFT
:8760 INPUT #I. TIYPE$, TsTNO EXTRACT TARGET TYPE & TARGET ID CODE
18770 INPUT #1,A.AC,D.M EXTRACT TARGET DIMENSIONS
18780 INPUT #I, VR EXTRACT TARGET SPEED
18798 INPUT #1,SI•I (1).SIGNAI (2), SIAI (3) EXTRCT TOTAL AIM ERROR FOR EACH CURVE
:880m CLOSE I
18I18 RETURN

18843 STORES BATTLEFIELD SITUATION DATA

1U50 CPEN '0', #1.'TCOMND. OAT" PENS FiLE TO SAVE A7TEF:'.D SITUATION
6WRITE 41. RD$,PJ SA'E PROJECTILE 7Yp-E 4 •ROJ:-TLE ID CODE

1870 WRITE #I. CjX,CJY SAVE X & Y AIM PINOfT ADJUSTN)Ts
:8880 WRITE c-3RB SAVE EArTLESIGHT RANGE
1809• •RITE I .I, SAVE CROSSIRIFr
18988 WRITE 41. 'TYPES. '3TNO SAVE TARGET TYPE & TARGET 1D CODE
18910 WRITE #I. A, B,C.D.N . SAVE TARGET DIMENSIONS
18911 WRITE #1.VR SAVE TARGET SPEED
18938 WRIT #I. SIGAI (1),SINAI %•).SIGAI (3) SAVE TOTk. AIM ERROR FOR EACH CURVE
18948 CLOSE
lB9vO RETURN
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10 'PUFOE : TO OUTPUT X A Y AXIS LABELS FOR 2 DIJENSIDAL 3A

20 SUB XYLAEL (N) STATIC
30 IF N m 1 THEN GSLI 310 :GOS 170
40 IF N m 2 TlEN GOSUB 630: GOSUB 490
50 IF N = 3 TEN GS 950: GOJB 810
60 IF N - 4 THEN GOSUB 1270 GOSUB 1130
70 IF N = 5 THEN GOSUD 1590: GOSUB 1450
80 IF N 6 THEN GOSUB 191: GOSUB 1770
90 IF N = 7 THEN GOSLB 223: GOSW 2090
le IF N c 8 THD GOSU925B 5: GOSUB 2410
lie IF N = 9 THEN GOSUB 2860 : GOS 2720
120 IF Nz 10 THEN 0SUB 3188: GOSUR 304
130 60TO 3338
140
150 ' A IS LABELS FOR I METER HIGH TARGT

160
170 LOCATE 6,4
180 PRINT 01I

190 LOCATE 9,3
200 PRINT 05"
210 LOCATE 13, 4
220 PRINT "W
235 LOCATE 1 7, 2
240 PRINT *-.5"

15a WAW4I .

268 PRINT "-1"
270 RETURN
288
290 ' A XIIS •:•_BaS FOR I METER HIGH TARGET
3w8
310 LOCATE 25, 12
320 PRINT -1.5"
330 LOCATE 25. 23
340 PRINT "-1'

350 LOCATE 25. 32
360 PRINT "-.5"
370 LOCATE .5, 43
380 PRINT "0"
390 LOCATE A5. 52
408 PRINT 8.!"
410 -OCATE 25.61
420 PRINT "1'
438 LOCATE 25, 70
44e PRINT '1.,'
450 RETURN
460
470 ' Y AXIS LABB.ELS FOR 2 METER HIGH TAR6ETS
480

490 LOCATE 6,4

500 PRINT "2'

510 LOCATE 9,4
520 PRINT "I'
530 LOCATE 13, 4
540 PRINT "0"
550 LOCATE 17,3
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560 PRINT 0-1"
570 LOCTE 21,3
5B6 PRINT '-21'
590 RETURN
6w6
610 X AIlS LAPB.S FOR 2 METER HIGH TARGETS

631 LOCATE 25,13
648 PRINT '-3'
650 LOCATE 25,23
660 PRINT '-2'
676 LOCATE 2 33
680 PRINT 0-1'
696 LOCATE 25,43
7H8 PRINT "0"
710 LOCATE 252
728 PRINT 'I"
738 LOCATE 25. 61
740 PRINT "2"
756 LOCATE 25, 78
760 PRINT "3m
778 RETUIRN
786
791 ' Y AXIS LABE.S FOR 3 METER HIGH TARET.
ace
81 LOCATE 6,4

8 PRINT "3'
as$ LCCATE 9.2

840 PRINT "1.5"
858 LOCATE 13.4
86w PRINT "V'
871 LOCATE 17,1
86 PRINT "-1.5"
896 L(.tATE 21.3
3d PRINT "-3"
SIR RETURN

93 ' X AXIS LABELS FOR 3 ,-ER HIGH TIR6E
546
356 LGCATE Z•, 12
968 PRINT "
970 LOCATE 25,23
9860 PRINT "-3'
990 LOCATE ,5. 32
1000 PRINT "-1.5"
1010 LOCATE 25, 43
1820 PRINT "I"
1630 LOCATE -5, 51
14 PRINT "1.5'
1050 LOCATE 25. 61
16VA PRINT '3"
1070 LOCA TE S, 69
18o PRINT "4.5"
189.0 RETURN
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.1:0 Y AX!- LPDiLS FOR 4 KrEq HIGH T;R6ET

S".0 LOCATE 6. 4
:"40 PRINT W"
:!a- LOCATE 9,4

PRINT "2"
• "7z LOCATE 13,4

'.:0 PRINT 1"
"..90 LOCATE 21,3

ew9 PRINT '-4"
LOCATE 17,3

_._l PRINT *-2"

:E39 RETURN
1240
1280 X AIUS LABELS FOR 4 METER HIGH TARGET
;26M
1270 LOCATE 25. 14
1260 PRINT '-6
I 190 LOCATE r5, 23
1300 PRINT '-4*
1310 LOCATE 25. 32
1320 PRINT 0-2"
13.%30 LOCATE 25. %3
1340 PRINT W

:350 LOCATE 4.52,
136 PRINT 02'

I370 LOCATE .5, 61
:388 PRINT "
;3s0 LOCATE E5. 71
14AM PRINT '6"
1410 RETURN

'4,8
1430 ' Y AIIS LABELS FOR 5 METER ,i;ai -ARGT

1450 LOCATE 6.4

1 60 n0 !NT "-5
170 LOCATE 9.2
1460 PRINT '2.5"
1490 LOCATE J.4
I500 PRINT "88
1510 LOCATE 17. 1
1521 PRINT "-2.5"
1530 LOCATE 21,
1550 PRINT '-5"
1550 RETURN
1560
1570 ' X AIIS LABELS FOR 5 NTER HIGH TARET
1580
159 LOCATE 25. 12
1600 PRINT '-7.5"
1610 LOCATE 25,3
16a" PRINT 8-5"
163I LOCATE 25., 31
1640 PRINT "-2.5"
!6550 LOCATE 25. 43
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:7,•21 LC,, ,,

S ?RIIt -. NT
1730 -TuRE
,740
17.0 .I:S , cE~ ::P i "CE:; -15-1 'ARO-7
:.76•

1780 PRINI, 'S-
17% LT. At 9.4

188• PRINT "3*
1810 LCCAI' ;3.'4
1820 1RNT "0'

18W0 LOCATE 07.3
1840 PRINT '-3"
185l LOCATE 21.3

1I6B PRINT -6'"
1870 RETUIJ4

1890 ' q lIS LABEL5 FOR 6 IEER HI61 TARGET
1300

1 q 10 L O A E . E5 , I3 A

1910 LOCATE 15. 42

:920 PRINT "-9*

1970 .,XATE 25. ,
194 PRINT "-"

!190 LOCATE 2 12

1920 PRINT "6'19%0 LOCATE 25.

0 PRINT "9"

2071' "AIS L.BEEL5 FOR 7 MER P416. TARTE,

209 LOCATE •,

2100 PRINT "
2!!@ LOCATlE i.•

2129 PRINT .S'"
z 13 L*,CA•r 13.4•

210 PAINT "ea

2150 LOCATE :7..
2'6 PRINT -.

2170 LOCATE 21.3

2181 PRINT 0-79

219@ ETR
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2220
2230 DA-
2240 RINT "-ie.5"
2250 L.CATE 25. .L3
2m60 pR!• ..

2270 LOCATE Z5.-"

2280 PQIf * -3.5'
22 .OCATE Z5, ,43

2360 PRINT V'
2310 LOCATIE *.51
2320 PR1INT "3.c,*
2330 OCATL Z,61
2340 PRINT "67
2N50 LOCATE 2, :6
2360 DQINT '10.5'
2378 RETURN
2380
2398 ' V AiIS L.ABS FOR 8 ,EiER " I4J TARWETS
2490
2410 LOCATE (,h4
24,@ PRINT "Of
2430 LOCATE 9,4

2448 PRINT "4'
2450 LOCATE 13,•4
'460 PAINT 4'2
2470 LOCATE '7, 3
2480 PRINT *-4'
2490 LUCATE '1. 3

2590 PRINT "-8'
2510 FE1UIi

2530 ' A AIS LAB.ES FOR 8 E'.4 HIGH "R5i-s
2548
2%@ LOCATE 2-% 13

560 PRINT "-12l
2570 LOCATE 4,23
2580 PRINi '-6

2590 LOCATE 5. 32
2600 PRINT "-4,

2610 PRINT "0

262-v LUCAu 4,.52~

2630 PRINT ,0
26,• LOCATE 25.61
265W PRINT '"'
2660 LOCATE 25. 70
2670 PRINT Žli"
mu8 FETURN
690
07• ' Y AXIS LAELS FOR 9 CtR HIGH 'RGE TS

2720 LOCTE 6.4
2730 PRINT "9"
2740 LOCPTE 9,2
2,50 PR•.T "."



2760 LOCATE 13,4

2770 PRINT "0u
2780 LOCATE 17,1
2790 PRINT '-4.5'
28WO LOCATE 21,3
2810 PRINT "-9'
2m. RETURN

2840 I X AXIS LABELS FOR 9 K'TE, HIGH TARGTS-

2850
2860 LOCATE 25, 12
2870 PRINT "-13.5"
2w80 LOCATE 25, 2
2890 PRINT '-9'
2986 LOCATE 2b, J1
2916 PRINI -'4.5"

2920 LOCATE 25, 43
2930 PRINT "0"
9 LOCATE 25, 51

2956 PRINT '4.56
2966 LOCATE 25,61
2970 PRINT "'"
2980 LOCA-T 25,69
299e PRIýT "13.5"

M1 WT rdi R-

3LIZZ Y AXIS LAME.S FOR 10 METER HIGP TIRSET

3M36
3040 LOC'.TE 6,3
365 PRTNT "10"
306e LOCATE 1.4
3070 PRIN" "
3080 LOCATE 23. t

PRINW 00m

3100 I-CCATE 17, 3
3110 PRINT *-5"
3120 LOCATE ý!, 2

3139 PRINT '-10"
3140 6Ro
.4,050

3160 ' X A1IS LRE'.S FOR 10 METER HIGH TAPGE
3170
3180 LOCATE 25, 13
4196 PRINT "-15P
3290 LOCATE 25,22
3210 PRINT '-10"
3&0 LOCPTE 25, 32
3230 PRINT '-5'
3240 LOATE 25, 43
3250 PRINT "0"
32O LOCATE 25.52

3278 PRINT "5"
32m LOCATE 25,61
3290 PRINT "11'
33w0 LOCATE 25, 70
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3318 PRINT '15.
3320 EMRNT
3338 END SUB
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APPENDIX C

MARKSMANSHIP AIMING AND TRACKING ANALYSIS SYSTEM FILE LISTING
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MARKSMANSHIP AIMING AND TRACKING ANALYSIS SYSTEM FIELD LISTING

Appendix C lists and describes the system data and batch files recpiired
to run MATAS.

Data Files:

"POINTS.SIL" - contains empirical data points for both E- and F-
silhouette targets. These data points are based on user-defined
target range and associated hit probability for the graphic
analysis module.

"POINTS.TNK" - contains empirical data points for both Tank -
front and side view targets. These data points are based on user-
defined target range and associated hit probability for the
graphic analysis module.

"AEMDL.EST" - contains as many as 30 aim error component
estimates. These estimates are based on user-defined estimates
(component name and associated value) which form the composite aim
error values in the parameter analysis module.

"AEDAM.EST" - contains as many as 30 aim error component
estimates. These estimates are based on analyst-defined aim error
values. These values are used to generate the hit probability
curves in the graphic analysis module.

"BATCOND.DAT" - contains the battlefield situation and the total
aim error for each theoretical curve defined in the graphic
analysis module.

Batch Files:

"AUTOEXEC.BAT" - executes "GRAPHICS" which runs in RAM and allows
the user the capability to print screen displays if the IBM
graphics printer is available and the model itself "AESMAX6."

"INSTALL.BAT" - installs the MATAS to the hard disc by creating a
directory and copying all required files into that directory.

"MATAS.BAT" - executes "GRAPHICS" and "AESMAX6" the model.
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